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72 .  H i s t o l o g i c a l  s e c t i o n s  o f  o v a r i a n  t i s s u e  from P h y c l s  
c h e s t e r l . B o u l n ' s  o r  D a v i d s o n ' s  f i x a t i o n ,  H a r r i s  
h e m a t o x y l i n - e o s l n  s t a i n a .  OL -  o v a r i a n  lumen; QVL “■ 
a v l g e r o u s  l a m e l l a e ;  IM -  im m atu re  oo c y te ;  AF ■ 
a t r e t i c  f o l l i c l e ;  VW ■ v i t e l l i n e  membrane; N ■ 
n u c l e u s ;  CV ■= c y t o p l a s m i c  v e s i c l e s ;  VC ■ y o l k  
g r a n u l e .  (A) C r o s s  s e c t i o n  o f  t h e  ovary  o f  a  314 mm 
SL f i s h  c o l l e c t e d  in  A p r i l  1974 .  F i e l d  c l a s s i f i c a t i o n  
o f  t h e  gonad  was r e s t i n g .  A v e ra g e  h o r i e o t i t a l  d i a ­
m e t e r  o f  o o c y t e s  = 0 . 0 9  mm- (B) C ro ss  s e c t i o n  o f  
o v a r i a n  t i s s u e  f rom  a 303 mm SL i n d i v i d u a l  c o l l e c t e d  
In  A p r i l  1974-  F i e l d  c l a s s i f i c a t i o n  of  t h e  gonad
was s p e n t / r e c o v e r i n g -  Im m atu re  o o c y t e s  and a t r e t i c  
f o l l i c l e s  p r e s e n t .  D i a m e t e r  o f  a t r e t i c  f o l l i c l e s  
a b o u t  0 . 3 5  mn. (C) C r o s s  s e c t i o n  o f  t h e  o v a r i a n  
t i s s u e  f ro m  a 330 mm SI f i s h  c o l l e c t e d  i n  J u n e  1973 ,
F i e l d  c l a s s i f i c a t i o n  o f  t h e  gonad v a s  r e s t i n g ,  
h o w e v e r ,  e g g  d e v e l o p m e n t  h a s  b e g u n .  Average d i a m e t e r  
o f  o o c y t e s  -  0 - 1 1  mm. (D) C r o s s  s e c t i o n  f rom a 273 
mm SL f e m a l e  c o l l e c t e d  i n  S e p te m b e r  1975. F i e l d  
c l a s s i f i c a t i o n  o f  t h e  gonad  was R - l  154
73 .  H i s t o l o g i c a l  s e c t i o n s  o f  g o n a d a l  t i a s u e  from P h y c l s  
c h e a t e r ! . B o u l n ’ s  o r  D a v i d s o n ' s  f i x a t i o n ,  H a r r i s  
h e m a t o x y l l n - e o s i n  s t a i n s .  FC ■ f o l l i c l e  c e l l s ;  YM = 
y o l k  m a s s ;  OC ■ o i l  g l o b u l e ;  RO r e s i d u a l  o o c y t e s ;
SEC ■ s e c o n d a r y  s p e r m a t o c y t e s ;  SP * s p e r m a t i d s ;  S = 
s p e r m ;  o t h e r  s y m b o ls  a s  i n  F i g u r e  73, (A) O v a r i a n
c r o s s  s e c t i o n  f ro m  a  323 mm SL f i s h  t h a t  was f i e l d  
c l a s s i f i e d  i n  November 1974  a s  R - l .  Average d i a m e t e r  
o f  o o c y t e s  * 0 . 3 1  mm. (B) O v a r i a n  c r o s s  s e c t i o n  from a 
295  mm SL r u n n i n g  r i p e  f e m a l e  c o l l e c t e d  in J a n u a r y  
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ABSTRACT
V a r io u s  a s p e c t s  o f  t h e  d i s t r i b u t i o n ,  r e l a t i v e  a b u n d a n c e *  f e e d i n g  
and r e p r o d u c t i o n  o f  t h e  f o l l o w i n g  f i s h  s p e c i e s  w ere  i n v e s t i g a t e d  d u r ­
ing  o t t e r  t r a w l  s u r v e y s  on t h e  c o n t i n e n t a l  s l o p e  a n d  I n  t h e  d e e p - s e a  
a r e a  o f f  t h e  V i r g i n i a  c o a s t :  O p h l c h t h u s  c r u e n t i f e r . By n a p  h o b r a n  c hu s 
k a u p i , S. a f f i n i s . o r e g o n l , S ,  b r e v i d o r s a l i s . H i s t i o b r a n c h u s  
b a t h y b i u a * l l y o p h i s  b r u n n e u s , S i m e n c h e l y s  p a r a s i t i c u s ,  H a l o a a u r o p s i s  
m a c r o c h l r ,  B a t h y s a u r u a  f e r o x , P h y c l s  c h e s t e r l , A n t i m o r a  r o s t r a t a , 
D l c r o l e n e  i n t r o n i g r a , L y c e n c h e l y s  v e r r i l l l , 1.. p a x i l l u s , Lycodonus  
a i i r a b l i l i s  , L y co d e s  a t l a n t  l c u s  . M e l a n o s t i g m a  a t l a n t i c u m , F a r a l l p a r i s  
ga r m a n l . c o p e i . P .  c a l i d u s  and  L o p h i u s  a m e r l c a n u s .
Baaed on l e n g t h  f r e q u e n c y  d i s t r i b u t i o n ,  g o n a d a l  c o n d i t i o n *  and 
th e  p r e s e n c e  o f  a l l  l i f e  h i s t o r y  s t a g e s  i n  s e a s o n a l  t r a w l  c o l l e c t i o n s ,  
t h e  dominan t  s l o p e  f i s h  s p e c i e s  w e r e  c l a s s i f i e d  a s  r e s i d e n t  o r  m i g r a n t  
s p e c i e s  i n  t h e  s a m p l i n g  a r e a .  D e p t h s  g r e a t e r  t h a n  1400  m, t h e  a p p r o x ­
im a te  l o c a t i o n  o f  t h e  4 d e g r e e  i s o t h e r m ,  a r e  c h a r a c t e r i z e d  by a s t a n d ­
i n g  c ro p  o f  l a r g e  b o d i e d ,  p r e d a t o r y  f i s h e s .  At t h e s e  d e p t h s  m os t  of  
t h e  b iom ass  o f  d e m e r s a l  f i s h e s  i s  made up o f  s p e c i e s  t h a t  u t i l i z e  
t h e  c o n t i n e n t a l  s l o p e  and  r i s e  a s  a  f e e d i n g  h a b i t a t  w i t h  r e p r o d u c t i o n  
t a k i n g  p l a c e  i n  some o t h e r  g e o g r a p h i c  a r e a .
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PROLOGUE
C a l l  me I s h m a e l ,  Some y e a r s  ago -  n e v e r  mind how l o n g  p r e c i s e l y  -  
h a v i n g  l i t t l e  o r  no money In  my p u r s e ,  a n d  n o t h i n g  p a r t i c u l a r  t o  i n t e r ­
e s t  me on s h o r e ,  I  t h o u g h t  I  would s a i l  a b o u t  a l i t t l e  and  aee  t h e  
w a t e r y  p a r t  o f  t h e  w o r l d .  I t  i s  a way t  have  of  d r i v i n g  o f f  t h e  s p l e e n ,  
and r e g u l a t i n g  t h e  c i r c u l a t i o n .  Whenever  I f i n d  m y s e l f  g r o w in g  gri tn  
a b o u t  t h e  m o u th ;  w h e n e v e r  i t  i s  a  damp, d r i z z l y  November  i n  my s o u l ;  
w h e n e v e r  I f i n d  m y s e l f  i n v o l u n t a r i l y  p a u s i n g  b e f o r e  c o f f i n  w a r e h o u s e s ,  
and b r i n g i n g  up t h e  r e a r  o f  e v e ry  f u n e r a l  I  me e t ;  and  e s p e c i a l l y  when­
e v e r  my h y pos  g e t  s u c h  an  u p p e r  h and  of  me ,  t h a t  i t  r e q u i r e s  a s t r o n g  
m o r a l  p r i n c i p a l  t o  p r e v e n t  me f ro m  d e l i b e r a t e l y  s t e p p i n g  i n t o  t h e  
s t r e e t *  and m e t h o d i c a l l y  k n o c k in g  p e o p l e ' s  h a t s  o f f  -  t h e n ,  1 a c c o u n t  
i t  h i g h  t i m e  t o  g e t  t o  a e a  a s  soon  a s  I c a n .  T h i s  i s  my s u b s t i t u t e  
f o r  p i s t o L  a n d  b a l l .  With a p h i l o s o p h i c a l  f l o u r i s h  C a to  t h r o w s  h im ­
s e l f  upon h i s  s w ord ;  1 q u i e t l y  t a k e  t o  t h e  s h i p .  T h e r e  i s  n o t h i n g  
s u r p r i s i n g  i n  t h i s .  t f  t h e y  bu t  knew i t ,  a lm o s t  a l l  men In  t h e i r  
d e g r e e ,  some t im e  o r  o t h e r ,  c h e r i s h  v e r y  n e a r l y  t h e  same f e e l i n g s  
t o w a r d s  t h e  ocean  w i t h  me.
From Moby D ick  by Herman M e l v i l l e
S in c e  my n> .... o c e a n  g o in g  c r u i s e  i s  n o t  u n t i l  J u n e *  and t h i s  i s  
A p r i l  when c o m p l e t e d ;  1 g u e s s  t h a t  i n  o r d e r  t o  d r i v e  t h e  " s p l e e n * 1 
f ro m  my s o u l ,  I t h i n k  I ' l l  s im p ly  h a v e  t o  f l o a t  a r o u n d  t h e  S o u th  
C a r o l i n a  m a r s h e s  w i t h  some l i b a t i o n  and  f i s h  f o r  s c l a e n l d s .  I 
hope  t h a t  a l l  who manage t o  wade t h r o u g h  t h i s  m a t e r i a l  c a n  f i n d  t h i n g s  
t h a t  g i v e  them new know ledge  and i n t e r e s t .
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making  a  l i v i n g  on the  co n tin en tal  s l o p e
AND IN THE DEEP-REA: LIFE HISTORY OF SOME 
DOMINANT FISHES OF THE NORFOLK CANYON AREA
INTRODUCTION
The f i r s t  c o m p re h e n s iv e  s tu d y  o f  t h e  d e e p v a t e r  f i s h  f a u n a  o f f  th e  
e a s t  c o a s t  o f  t h e  U n i t e d  S t a t e s ,  " O c e a n ic  I c h t h y o l o g y w a s  p u b l i s h e d  
I n  1896 .  S i n c e  t h a t  t im e  S c h r o e d e r  (1955)  p r e s e n t e d  t h e  r e s u l t s  o f  a 
t r a w l  s u r v e y  on t h e  c o n t i n e n t a l  s l o p e  From th e  New E n g la n d  f i s h i n g  
b a n k s  s o u t h  t o  t h e  o f f i n g  o f  C h esap ea k e  Bay; M ark le  and M u s ic k  (1974)  
and  H a e d r i c h  a n d  h i s  c o - w o r k e r s  a t  Woods Hole  O c e a n o g r a p h i c  I n s t i t u t i o n  
h a v e  expanded  o u r  knowledge  o f  t h e  d e e p s e a  f i s h  community  i n  t h e  w e s t e r n  
N o r th  A t l a n t i c ,  The taxonomy o f  many o f  t h e  f a m i l i e s  o f  d e e p s e a  f i s h e s  
i s  r e l a t i v e l y  w e l l  known s i n c e  the p u b l i c a t i o n  o f  " F i s h e s  o f  t h e  W e s te r n  
N o r t h  A t l a n t i c . "
S i n c e  1973 e x t e n s i v e  t r a w l i n g  o p e r a t i o n s  h ave  b e e n  c a r r i e d  o u t  i n  
t h e  N o r f o l k  Canyon  a r e a  and on the c o n t i n e n t a l  s l o p e  o f f  t h e  M id d le  
A t l a n t i c  c o a s t .  Over 150 s u c c e s s f u l  b e n t h l c  o t t e r  t r a w l s  w e r e  made in  
t h e s e  a r e a s  ( F i g .  1) w i t h  e i t h e r  a 9 . 1  m o r  a 13 . 7  m o t t e r  t r a w l .  A 
more  d e t a i l e d  d i s c u s s i o n  o f  t h e  o v e r a l l  s u r v e y  and community  s t r u c t u r e  
can  be  found i n  Mustek (1 9 7 6 ) .
The a b u n d a n c e  o f  f i s h e s  i n  1 3 .7  m o t t e r  t r a w l  c a t c h e s  d e c r e a s e s  
w i t h  d e p t h  ( F i g .  2 ) ,  In  d e p t h s  g r e a t e r  t h a n  300 m t h e  c h a n g e  in  l o g  
a b u n d a n c e  can b e  e x p r e s s e d  by th e  r e l a t i o n s h i p :
Log N = 3 . 0 7  -  0 . 0 0 7  (Depth )
w h e r e  N “ number o f  b e n t h i c  f i s h e s  p e r  0.  5 -h  13 , 7  m o t t e r  t r a w l  and  
d e p t h  ■ mean d e p t h  o f  t r a w l  i n  m e t e r s .  The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  
( r  x  100) shows t h a t  6 7 . 1% o f  t h e  v a r i a t i o n  i n  t h e  number o f  b e n t h l c
2
3F ig ur e  1 L o c a t i o n s  f o r  s u c c e s s f u l  13- 7  m b e n t h l c  o t t e r  t r a w l  s t a t i o n s  
In  t h e  N o r f o l k  Canyon a r e a  a n d  t h e  c o n t i n e n t a l  s l o p e  s o u t h  
o f  t h e  Canyon ,
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aF i g u r e  2 D e p t h - l o g  n u m b e r  o f  b e n t h i c  f i s h e s  c a u g h t  p e r  0 . 5 - h  1 3 . 7  m 
o t t e r  t r a w l  f r o m  t h e  N o r f o l k  Canyon  a r e a .  F o r  s t a t i o n  
l o c a t i o n s  s e e  F i g .  1.
3.
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5f i s h e s  can  he  a t t r i b u t e d  t o  c h a n g e s  I n  d e p t h .  At t h e  s h e l f - s l o p e  
t r a n s i t i o n  ( 7 5 - 3 0 0  m) t h e  r e l a t i o n s h i p  i s  more  v a r i a b l e  d u e  t o  th e  
s e a s o n a l  i n s h o r e - o f f s h o r e  movements  o f  some s p e c i e s  s u c h  a s  C e n t r o p r i s t I s  
s t r i a t a  and  F a r a l i c h t h y s  d e n t a t u s  ( s e e  M u a ick  e t  a l . , 1 9 7 7 ) .  However,  
b e l o w  300 in t h e r e  d o e s  no t  a p p e a r  t o  be a n y  g r e a t  s e a s o n a l  v a r i a t i o n  i n  
t h e  a b u n d an c e  o f  f i s h e s  c a u g h t  e x c e p t  f o r  t h e  r a a c ro u r id  C o r y p h o n o id e s  
r u p e e t r i s  w hich  a p p a r e n t l y  h a s  an  u p s l o p e  m i g r a t i o n  i n  t h e  f a l l  o f  t h e  
y e a r  (R. M i d d l e t o n ,  p e r s o n a l  c o m m u n i c a t i o n ) .  A d e c r e a s e  in  t h e  n u m e r ­
i c a l  a b u n d an c e  o f  b e n t h i c  f i s h e s  a t  g r e a t e r  d e p t h s  h a s  b e e n  n o t e d  
f r e q u e n t l y  i n  t h e  l i t e r a t u r e ,  m os t  r e c e n t l y  hy Cohen and  Pawaon (1 9 7 7 )  
who have  q u a n t i f i e d  o b s e r v a t i o n s  f rom  D . S .R .V ,  A l v i n  and  found  a 
n e g a t i v e  c o r r e l a t i o n  of  d e p t h  w i t h  a b u n d a n c e  o f f  t h e  New J e r s e y  c o a s t  
i n  d e p t h s  to  2700+ m e t e r s .
The d i v e r s i t y ,  e x p r e s s e d  a s  s p e c i e s  r i c h n e s s ,  w h i c h  was  c a l c u l a t e d  
hy t h e  e x p r e s s i o n  S - l / l n N  w h e r e  S ™ number  o f  s p e c i e s  and N ia  th e  
number  o f  i n d i v i d u a l s  ( M a r g a le f ,  196R),  a l s o  shows a g e n e r a l  d e c r e a s e  
w i t h  d e p t h  ( F i g .  3 ) .  S p e c i e s  r i c h n e s s  shows a much g r e a t e r  v a r i a b i l i t y  
i n  d e p t h s  to  1500 m. Below t h i s  d e p t h  t h e  c h an g e  i n  r i c h n e s s  c a n  be  
e x p r e s s e d  by t h e  e q u a t i o n :
R -  5. 37 -  0 . 0 0 1 5  ( D e p t h )
w h ere  R =■ s p e c i e s  r i c h n e s s ,  a n d  d e p t h  = mean d e p th  o f  t r a w l  i n  m e t e r s .  
The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r ^  x 100)  shows t h a t  543J o f  t h e  v a r i a ­
t i o n  in  s p e c i e s  r i c h n e s s  i s  a s s o c i a t e d  w i t h  c hange s  i n  d e p t h  beynnd 
1500 m.
A n o th e r  f e a t u r e  of  t h e  b e n t h i c  f i s h  f a u n a  on t h e  c o n t i n e n t a l  s l o p e  
o f f  t h e  M idd le  A t l a n t i c  s t a t e s  l a  t h e  c h a n g e  in  t h e  a v e r a g e  s i z e  o f  t h e
fi
Figure 3 P l o t  o f  s p e c i e s  r i c h n e s s  (S  -  l / l n  N) a g a i n s t  mean  d e p t h  o f  
t r a w l  f o r  0 . 5 - h  13.7  ti o t t e r  t r a w l s  i n  t h e  N o r f o l k  Canyon 
a r e a .
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7f i s h  w i t h  d e p t h .  T h e r e  l a  an  a b r u p t  c h an g e  n e a r  1400 m i n  t h e  a v e r a g e  
s i z e ,  e x p r e s s e d  a s  t h e  mean w e i g h t  o f  an  i n d i v i d u a l  f i s h  ( F i g .  4 ) .  The 
1400 m I s o b a t h  i s  a l s o  t h e  a p p r o x i m a t e  l o c a t i o n  o f  t h e  4 C i s o t h e r m
( F i g .  5 ) .  Beyond t h i s  d e p t h  t h e  b e n t h i c  f i s h  c o m m u n i ty  l a  d o m i n a t e d  by
l a r g e  f i s h e s  s u c h  a s  Ant i m o r a  r o s t r a t a . I l a l o s a u r o p s l a  m a c r o c h i r , 
B a t h y s a u r u s  F e r o x  a n d  C o r y p h e n o  i d e s  a r m a t u s  .
A s a m p l e  c l u s t e r  o f  s t a t i o n s  made a t  v a r i o u s  d e p t h s  o n  t h e  S e p te m b e r  
1975 c r u i s e  i s  p r e s e n t e d  t o  show t h e  p a t t e r n  o f  s t a t i o n  g r o u p i n g s  a s  a
f u n c t i o n  o f  d e p t h  ( F i g .  6 ) .  The  s p e c i e s  g r o u p s  o f  b e n t h i c .  f i s h e s
o b t a i n e d  by  c l u s t e r i n g  t e c h n i q u e s  i s  a l s o  p r e s e n t e d  t o  show  t h e  
a s s e m b l a g e s  o f  f i s h e s  on  t h e  c o n t i n e n t a l  s l o p e  ( F i g .  7 ) .
The s p e c i e s  d i s c u s s e d  i n  t h i s  s t u d y  a r e  f r o m  g r o u p  1 f L o p h l u s  
A m e r i c a n u s » O p h l c h t h u s  {■ F i s o d o n o p h i B ) c r u e n t i f e r ) » g r o u p  3 ( F h y c l s  
c h e s t e r i t L y c e n c h e l y s  v e r r i l l i ,  1,. p a x i l l u a t S y n a p h o b r a n c h u s  k a u p i , 
j i . a f f i n i s » M e l a n o s t l g m a  a t l a n t i c u m ) , g ro u p  5 ( F a r a l l p a r i s  c o p e i ) , g ro u p  
6 { I l y o p h i s  b r u n n e u s , S i m e n c h e l y s  p a r a s i t  i c u B , D i c r o l e n e  i n t r o n i g r a  t 
L y c o d e s  a t l a n t l c u s ) a n d  g r o u p  7 ( A n t l m o r a  r o s t r a t a , H a l o s a u r o p s i s  
m a c r o c h i r  a n d  B a t h y s a u r u s  f e r o x  (= a g a s s i z l ) ) .
I t  i s  my h o p e  t h a t  t h i s  s t u d y  c o n t r i b u t e s  t o  o u r  k n o w l e d g e  o f  t h e s e  
and  h e l p s  t o  e l u c i d a t e  how t h e s e  s p e c i e s  make a  l i v i n g .
F i g u r e  4 .  Mean w e i g h t  o f  an  I n d i v i d u a l  f i s h  a g a i n s t  mean d e p t h  o f  t r a w l  
f o r  13*7 m o t t e r  t r a w l  c o l l e c t i o n s  in  the  N o r f o l k  Canyon a r e a *
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9F i g u r e  5 T e m p e r a t u r e - d e p t h  p l o t s  F o r  f o u r  s e a s o n a l  N o r f o l k  Canyon 
c r u i s e s «
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F ig u r e  6 .  Normal c l i i B t e r  ( s t a t i o n  c l u s t e r )  f o r  S e p t e m b e r  1975 c r u i s e  
( 0 1 - 7 5 - 0 8 )  u s i n g  lo g  t r a n s f o r m e d  d a t a ,  f l e x i b l e  s o r t i n g ,
B ■ - Q , 2 5 ,  C a n b e r r a - M e t r i c  c o e f f i c i e n t  a n d  a c u t o f f  l e v e l  
t o  remove s i n g l e  and  d o u b l e  c a p t u r e s .  S e e  Muaick  e ^  a l . 
( 1 9 7 5 ) ,  Muaick (1 9 7 6 )  a n d  B o e s c h  (1 9 7 7 )  f o r  d e t a i l e d  
e x p l a n a t i o n  o f  m e th o d s .
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F i g u r e  7 I n v e r s e  c l u s t e r  ( s p e c i e s  c l u s t e r )  f u r  S e p te m b e r  1975 c r u i s e  
( G I - 7 5 - 0 8 )  s h o w i n g  s p e c i e s  g r o u p s  on th e  c o n t i n e n t a l  s l o p e  
i n  t h e  N o r f o l k  Canyon a r e a .  M ethodology  same a s  F i g ,  6,
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P a r t  I .
A s p e c t s  o f  t h e  b i o l o g y  a n d  m o r p h o l o g y  o f  t h e  
s n a k e  e e l ,  F i s o d o n o p h i s  c r u e n t l f e r  ( P i s c e s ,  O p h i c h t h l d a e )  *
 ^ S in c e  t h e  p u b l i c a t i o n  o f  t h i s  s e c t i o n  o f  t h e  d i s s e r t a t i o n  
(W enne r ,  C, A. 1976.  J .  F i s h ,  R e s .  B oa rd  Can.  3 3 :  6 5 6 - 6 6 5 ) ,
J .  McCosker h a s  u p d a t e d  o p h i c h t h i d  n o m e n c l a t u r e  s o  t h e  p r e s e n t l y  
a c c e p t e d  name i s  O p h l c h t h u s  c r u e n t l f e r  ( s e e  M cC o s k e r ,  J .  E. 1 9 7 7 .  
The o s t e o l o g y ,  c l a s s i f i c a t i o n  and  r e l a t i o n s h i p s  o f  t h e  e e l  f a m i l y  
O p h l c h t h i d a e .  P r o c ,  C a l i f .  A cad .  S c i e n c e s  4 1 ( 1 ) :  123 p .
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I n t r o d u c t i o n
P i s o d o n o p h l S  c r u e n t l f e r  i s  a n  o p h i c h t h i d  e e l  d e s c r i b e d  by Goode and 
Bean (1896)  f rom  s p e c i m e n s  t r a w l e d  f rom  1 2 0 -2 4 5  f a t h o m s  i n  New Eng land  
w a t e r s , F o w le r  (191B)  p l a c e d  _P. c r u e n t l f e r  i n  h i s  n ew ly  e r e c t e d  genus  
O m o c h e ly s , d e s c r i b e d  f o r  a  s p e c i e s  f rom  t h e  P h i l i p p i n e  I s l a n d s ,
Omochelys m a r g l n a t u s  ( F o w l e r ,  1 9 4 8 ) ,  an  o p h i c h t h i d  t r a w l e d  o f f  t h e  New 
J e r s e y  c o a s t ,  w as  l a t e r  p l a c e d  in  t h e  synonomy o f  OmPchelys  c r u e n t l f e r  
( F o w l e r ,  1 9 5 2 ) .  R o s e n b l a t t  a n d  McCosker  (1 9 7 0 )  r e f e r r e d  P l s o d o n o p h i s  
( w i t h  Ompchelyfl a s  a synonym) t o  t h e  s u b - f a m i l y  O p h i r h t h l n a e  w h ich  a r e  
o p h i e h t h i d s  t h a t  l a c k  c o n f l u e n t  d o r s a l ,  c a u d a l  and a n a l  f i n .  T h e r e f o r e ,  
t h e  p r e s e n t l y  a c c e p t e d  name f o r  t h e  s n a k e  e e l  i s  F i s o d o n n p h i a  c r u e n t l f e r  
(Goode and Bean ,  1 8 9 6 ) , ^
B ige low  and  S c h r o e d e r  ( 1 9 5 3 )  r e p o r t e d  t h e  s p e c i e s  r a n g e  from t h e  
t y p e  l o c a l e s  to  w a t e r s  o f f  Cape H e n ry ,  V i r g i n i a ,  Ln d e p t h s  from 24 to  
245 f a t h o m s ,  A n o r t h e r n  e x t e n s i o n  t o  t h e  L o u r e n t i a n  C h a n n e l  waa g iv e n  
by S c o t t  and  C rossm an  ( 1 9 5 9 ) .  The e g g s  and l a r v a e  a n d  t h e i r  d i s t r i b u ­
t i o n  in  t h e  C h e s a p e a k e  B i g h t  w e re  d e s c r i b e d  by R i c h a r d s o n  ( 1 9 7 4 ) .  Goode 
and Bean (1896)  r e p o r t e d  P. c r u e n t l f e r  a s  a  p a r a s i t i c  b o r i n g  fo rm ,  a 
h a b i t  r e i t e r a t e d  by B ig e lo w  and S c h r o e d e r  ( 1 9 5 3 )  and  Leim and  S c o t t
(1966)  b u t  d i s p e l l e d  by W a l t e r s  ( 1 9 5 5 ) ,  k i t t l e  e l s e  i s  known o f  t h e
2 Kaup ( 1 8 5 6 a )  u s e d  P l s o d o n o p h i a  i n  h i s  o r i g i n a l  d e s c r i p t i o n  o f  t h e  
genus  w h i l e  P l s o d o n o p h i s  was u s e d  a t  a  l a t e r  d a t e  ( 1 8 5 6 b ) .  T h i s  l e d  t o  
t h e  u s e  o f  t h e  s e c o n d  s p e l l i n g  hy Goode and  Bean ( 1 8 9 6 )  i n  t h e i r  
o r i g i n a l  d e s c r i p t i o n .
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l i f e  h i s t o r y  and  e c o l o g y  o f  t h i s  s p e c i e s .  The p u r p o s e  o f  t h i s  r e p o r t  l a  
t o  docum ent m e r l s t i c  a n d  morpheme t r i e  v a r i a b i l i t y  i n  P .  c r u e n t l f e r  and  
p r o v i d e  I n f o r m a t i o n  on  I t s  l i f e  h i s t o r y  a n d  e c o l o g y .
M a t e r i a l s  a n d  M e th o d s
C o l l e c t i o n s  f ro m  a J u n e ,  1973 c r u i s e  a b o a r d  t h e  R/V Colum bus  I s e l i n
t o  t h e  N o r f o l k  Canyon a r e a  a n d  t h e  " o p e n  s l o p e ” a r e a  t o  t h e  s o u t h  a f  t h e
canyon  ( F i g .  8)  w e r e  u s e d  f o r  l i f e  h i s t o r y ,  m e r i s t i c  and  m o r p h o m e t r i c
s t u d i e s .  T h i r t y  m i n u t e  t o w s  w i t h  a 4 5 '  ( 1 3 , 7  m) s h r i m p  t r a w l  w e re  made 
i n  d e p t h  I n t e r v a l s  o f  7 5 - 1 5 0  ra, 1 5 0 - 4 0 0  m, 4 0 0 -1 0 0 0  m a n d  1 0 0 0 - 2 0 0 0  m. 
D a ta  f o r  l a t i t u d i n a l  d i s t r i b u t i o n  w e r e  o b t a i n e d  f rom  t h e  R /V  A l b a t r o s s  TV 
g r o u n d f i s h  s u r v e y  w h i c h  u s e d  a  #36 Y a n k e e  t r a w l .
M o r p h o m e t r i e s  w e r e  t a k e n  a c c o r d i n g  t o  Hubbs a n d  L a g l e r  ( 1 9 5 0 )  w i t h  
t h e  e x c e p t i o n  o f  g a p e  l e n g t h ,  w h i c h  i s  h e r e  d e f i n e d  a s  t h e  d i s t a n c e  f r o m  
t h e  t i p  o f  t h e  s n o u t  t o  t h e  a n g l e  o f  t h e  j a w s .  The f o l l o w i n g  c o u n t s  
w e re  made on  47 s p e c i m e n s  c l e a r e d  a n d  s t a i n e d  by t h e  m e th o d  o f  T a y l o r
( 1 9 6 7 ) :  v e r t e b r a e  ( t o t a l ,  t o  p e c t o r a l  i n s e r t i o n ,  t o  d o r s a l  i n s e r t i o n
a n d  t o  a n a l  i n s e r t i o n ) ,  f i n  r a y a  ( l e f t  a n d  r i g h t  p e c t o r a l ,  d o r s a l ,  a n a l  
and  c a u d a l ) ,  l e f t  a n d  r i g h t  b r a n c h i o s t e g a l s . The r e d u c e d  f i r s t  v e r t e b r a e  
cau d a d  o f  t h e  s k u l l  was  I n c l u d e d  i n  t h e  c o u n t s  w h i l e  a l l  e l e m e n t s  b e y o n d  
t h e  l a s t  h o u r - g l a s s  s h a p e d  c e n t r u m  w e r e  c o u n t e d  a s  o n e  v e r t e b r a .  T o o t h  
d i s t r i b u t i o n  p a t t e r n s  w e r e  d r a w n  f r o m  10 c l e a r e d  and  s t a i n e d  s p e c i m e n s  
w i t h  a cam e ra  l u c i d a  w h i l e  t h o s e  o f  t h e  t y p e  s p e c i m e n s  w e r e  d o n e  u s i n g  
a  b i n o c u l a r  m i c r o s c o p e .
F i s h  u t i l i z e d  i n  r e p r o d u c t i v e  a n a l y s i s  were  m e a s u r e d  t o  t h e  n e a r e s t  
mm t o t a l  l e n g t h  ( T L ) . T h e s e  w e r e  c l a s s e d  a s  im m atu re  when e i t h e r  t h e  
g o n ad s  w e re  u n d i f f e r e n t i a t e d  o r ,  i f  d i f f e r e n t i a t e d ,  l a c k e d  g a m e t o g e n i c  
a c t i v i t y ,  F i a h  w e r e  t e r m e d  g r a v i d  when  e g g s  were  l a r g e  a n d  e a s i l y
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F i g u r e  8 .  D i s t r i b u t i o n a l  map o f  P l s o d o n o p h i s  c r u e n t l f e r . S h a d e d  a r e a s  
are t h e  N o r f o l k  Canyon a n d  "Open S l o p e "  t r a w l  s u r v e y  a r e a s .
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s e p a r a t e d  f r o m  o v a r i a n  c o n n e c t i v e  t i s s u e  o r  t e s t i c u l a r  l o b e s  w e r e  s w o l l e n  
a n d  m i l k y  w h i t e  I n  c o l o r  a n d  m i l t  w as  d i s c h a r g e d  w i t h  l i g h t  a b d o m i n a l  
p r e s s u r e .
O v a r i a n  t i s s u e  f rom  21 g r a v i d  f e m a l e s  was  r e m o v e d  a n d  d i g e s t e d  I n  
G i l s o n ' s  s o l u t i o n  fB ag en a l  , 1 9 6 8 ) .  The f r e e d  e g g s  w e r e  s t r a i n e d  t h r o u  gh 
202  pm p l a n k t o n  n e t t i n g ,  w a s h e d  i n  t a p  w a t e r  and  b l o t t e d  d r y .  E n t i r e  
d i g e s t e d  o v a r i e s  w e re  w e ig h e d  a n d  e i t h e r  t h e  t o t a l  s a m p l e  was c o u n t e d  o r  
t h r e e  r e p l i c a t e  s u b s a m p l e s  w e r e  t a k e n ,  s u s p e n d e d  i n  g l y c e r i n  and c o u n t e d .  
O n l y  t h e  l a r g e  e g g s  w e r e  I n c l u d e d  i n  t h e  f e c u n d i t y  e s t i m a t e s .  The 
l o n g e s t  h o r i z o n t a l  d i a m e t e r  o f  50 l a r g e  and s m a l l  e g g s  f rom e a c h  f i s h  
w a s  m e a s u r e d  w i t h  a c a l i b r a t e d  o c u l a r  m i c r o m e t e r .
G o n a d a l  t i s s u e  s a m p l e s  f ro m  20 f e m a l e s  a n d  10  m a l e s  i n  s e v e r a l  
m a t u r i t y  s t a t e s  w e re  p l a c e d  i n  B o u i n ' s  f i x a t i v e  a t  s e a .  H i s t o l o g i c a l  
s e c t i o n s  w e re  p r e p a r e d  by s t a n d a r d  t e c h n i q u e s  w i t h  H a r r i s - h e m a t o x y l i n -  
e o s l n  s t a i n s .
R e s u l t s  a n d  D i s c u s s i o n  
M o r p h o m e t r i e s  a n d  M e r i s t i c e :
P i s o d o t i o p h i s  c r u e n t  l f e r  I s  a n  e l o n g a t e  o p h i c h t h i d  w i t h  a n e a r l y  
c y l i n d r i c a l  b o d y  e n d i n g  i n  a h a r d  p o i n t e d  t a i l .  The d o r s a l  and a n a l  
f i n s  a r e  o f  low p r o f i l e  a n d  o r i g i n a t e  s l i g h t l y  b e h i n d  t h e  p e c t o r a l s  a n d  
t h e  v e n t  r e s p e c t i v e l y .  In  f r e s h  s p e c i m e n s  t h e y  a p p e a r  n o t  t o  he 
c o n f l u e n t  a b o u t  t h e  c a u d a l .  The h e a d  i s  a c u t e  w i t h  t h e  u p p e r  .law 
p r o j e c t i n g  b e y o n d  t h e  l o w e r  J a w .  The s p a t u l a t e  p e c t o r a l  i s  o f  m o d e r a t e  
s i z e  and  I n s e r t s  d i r e c t l y  b e h i n d  t h e  r a t h e r  s m a l l  g i l l  o p e n i n g  ( s e e  
G oode  a n d  B e a n ,  1 8 9 6 ,  f i g .  1 6 6 ) .  A summary  o f  t h e  m u r p h o r n e t r i c  
c h a r a c t e r s  i s  f o u n d  i n  T a b l e  1 a n d  r e g r e s s i o n  r e l a t i o n s h i p s  a r e  i n  F i g .
9 .  Goode a n d  B e a n ' s  t y p e  s p e c i m e n s  (U. S,  N a t i o n a l  Museum ^2B93B) and
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F i g u r e  9 .  R e g r e s s i o n  r e l a t i o n s h i p s  o f  v a r i o u s  m o r p h o m e t r i c  c h a r a c t e r s  
o f  P i s o d o n o p h i a  c r u e n t i f e r .
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F o w l e r ' s  t y p e  o f  Qmochelya  r a a r g i n a t u a  (Academy o f  N a t u r a l  S c i e n c e s  o f  
P h i l a d e l p h i a  # 7 2103)  a r e  i n c l u d e d  I n  t h e  t a b l e  f o r  c o m p a r a t i v e  p u r p o s e s .
The m e r i s t i c  c h a r a c t e r s  o f  .P. c r u e n t l f e r  a r e  v a r i a b l e  ( F i g .  10) a s  
a r e  t h o s e  o f  o t h e r  a p o d a l  f i s h e s  ( S y n a p h o b r a n c h l d a e ,  R o b i n s ,  1971;  
A n g u i l l l d a e ,  Ege,  1 9 3 9 ) .  The m o s t  v a r i a b l e  c h a r a c t e r s  a r e  d o r s a l  and 
a n a l  f i n  r a y s ,  w h i c h  a r e  r e l a t e d  by  t h e  e q u a t i o n ,  d o r s a l  f i n  r a y a  ■ 1 , 0 5  
a n a l  f i n  r a y s  + 8 0 . 4  ( r  ■ 0 . 6 7 ,  n = 3 5 ) .  The p o s i t i v e  c o r r e l a t i o n  o f  
number  o f  D + A r a y s  i s  a l s o  fo u n d  i n  t h e  A m er ic an  e e l ,  A n g u i l l a  r o s t r a t a  
(W enner,  1 9 7 2 ) ,  and t h e  s y n a p h o b r a n c h i d  e e l ,  S y n a p h o b r a n c h u s  a f f i n i s  
(U e n n e r ,  1 9 7 5 ) .
The d e n t a l  f o r m u l a  o f  c r u e n t l f e r  i s  v a r i a b l e  ( T a b l e  2)  e x c e p t  
f o r  t h e  e t h m o i d - p r e m a x i l l a r y  c o m p lex  w h i c h  had  o n ly  5 o r  6 r e c u r v e d  
t e e t h .  L o s s  o f  t e e t h  i n  some s p e c i m e n s  (shown by empty s o c k e t s  i n  
c e r t a i n  c l e a r e d  a n d  s t a i n e d  s p e c i m e n s )  a c c o u n t s  f o r  some o f  t h e  v a r i a ­
b i l i t y .  An a v e r a g e  d e n t a l  f o r m u l a  ( F i g .  11 )  b a s e d  on 10 c l e a r e d  and 
s t a i n e d  s p e c i m e n s  p l u s  t h e  t y p e s  o f  F i s o d o n o p h l s  c r u e n t l f e r  and 
Omochelya m a r s i n a t u s  I s :  l e f t  and  r i g h t  d e n t a r y ,  6 p a i r s  o f  t e e t h
f o l l o w e d  by  13 i n  a r a w ;  l e f t  a n d  r i g h t  m a x i l l a r y ,  7 p a i r s  o f  t e e t h  
f o l l o w e d  by  12 i n  a row ;  e t h m o i d - p r e m a x i l l a r y  co m p le x ,  1 t o o t h  f o l l o w e d  
by two p a i r s  o f  t e e t h ;  v o m e r ,  5 p a i r s  o f  t e e t h  f o l l o w e d  by 9 i n  a row.
The e t h r a o i d - p r e m a x i l l a r y  c o m p lex  h a s  t h e  l a r g e s t  and t h e  most  r e c u r v e d  
t e e t h  and  t h e  u n l s e r l a l  t e e t h  a r e  n o t  a l w a y s  a l i g n e d  i n  a s t r a i g h t  
f a s h i o n  on t h e  b o n e .
D i s t r i b u t i o n :
P l s o d o n o p h i a  c r u e n t l f e r  i s  t h e  most  n o r t h e r l y  o c c u r r i n g  o p h i c h t h l d  
e e l  o n  t h e  A t l a n t i c  c o a s t  o f  N o r t h  A m er ica  (F ig*  8 ) .  T r a w l i n g  o p e r a t i o n s  
i n  t h e  N o r f o l k  Canyon  a r e a  r e v e a l e d  t h e  f o l l o w i n g  b a t h y m e t r i c
L9
F i g u r e  10 .  F r e q u e n c y  d i s t r i b u t i o n  o f  m e r i s t i c  c h a r a c t e r s  o f
F iB o d o n o p h l s  c r u e n t l f e r . C .T ,  r e f e r s  t o  95£  c o n f i d e n c e  
i n t e r v a l .
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T a b l e  2.
D e n t a l  v a r i a t i o n  In t h e  o p h i c h t h i d  e e l ,  F i a o d o n o p h l a  c r u e n t l f e r , i n  
n i n e  spec im ens  f rom N o r f o l k  Canyon,  p l u s  Goode a n d  B e a n ’ s t y p e s  (1896 )  
and  F o w l e r ' s  t y p e  o f  O mochelys  m a r a l n a t u s  ( 1 9 4 8 ) .  CT = 95% c o n f i d e n c e  
i n t e r v a l ,
C h a r a c t e r Mean ±  C1 E x t r e m e s
t o t a l  l e n g t h 277 8 0 . 8 2 4 5 -4 1 3
l e f t  d e n t a r y  t e e t h 2 4 .8 1 . 8 2 1 - 2 9
r i g h t  d e n t a r y  t e e t h 24.  7 1 . 6 2 0 -27
e t h m o i d - p r e m a x i l l a r y  t e e t h 5 .2 0 . 4 5 - 6
vom er ine  t e e t h 1 8 .6 2 . 3 14-25
l e f t  m a x i l l a r y  t e e t h 26. 5 3 . 3 1 7 -37
r i g h t  m a x i l l a r y  t e e t h 26. 3 2 . 6 18 -34
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F i g u r e  1 1 .  D ia g ra m  o f  d e n t a r y ,  n t a x l l  l a r y , e t h m D i d - p r e m a x i l l a r y  c o m p le x  
and v o m e r i n e  d e n t i t i o n  I n  F l s o d o n o p h t s  c r u e n t l f e r . L e f t  
f i g u r e  i s  u p p e r  J aw ,  r i g h t  i s  t h e  l o w e r  Jaw .
o o
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d i s t r i b u t i o n  o f  t h e  s n a k e  e e l :
D ep th  I n t e r v a l  (m) Tota l  number c a u g h t  Number o f  1 /2  h r  tow s
75 -1 5 0  32 12
1 5 0 -4 0 0  67 14
4 0 0 - 1 0 0 0  2 10
1 0 0 0 -2 0 0 0  1 10
The s h a l l o w e s t  c a p t u r e  o f  t h i s  s p e c i e s  was  a t  36 m w h i l e  t h e  d e e p e s t  was  
1350 mt a b a t h y m e t r i c  r ange  o f  r .a ,  1300 m. The p o s s i b i l i t y  o f  t h e  d e e p  
s p e c i m e n  b e i n g  a washdown from a  p r e v i o u s  s h a l l o w  w a t e r  t r a w l  I s  r e m o t e  
a s  t h e  f i v e  tows p r e c e d i n g  th e  c a p t u r e  w e re  in  d e p t h s  g r e a t e r  t h a n  1000 
m.
R i c h a r d s o n  ( 1 9 7 4 )  d e s c r i b e d  th e  e g g s  and l a r v a e  o f  P.  c r u e n t l f e r
from p l a n k t o n  c o l l e c t i o n s  t a k e n  f rom J u l y  to  S e p t e m b e r  I n  w a t e r s  o v e r l y ­
in g  t h e  c o n t i n e n t a l  s h e l f ,  40 t o  60 n a u t i c a l  m i l e s  f rom  t h e  V i r g i n i a  
c o a B t .  The e g g s  w e re  g r e a t e r  t h a n  2 mm i n  d i a m e t e r  a n d  t h e y  w e re  t a k e n  
a l m o s t  e n t i r e l y  in  s u r f a c e  to w s .
The ft/V Columbus I s e l i n  c r u i s e  y i e l d e d  35 g r a v i d  f e m a l e s  r a n g i n g  
f rom  227 t o  423 ram TL and 49 r i p e  m a le s  from 197 t o  317 mm i n  t h e  N o r f o l k  
Canyon a r e a .  The s e x  r a t i o  o f  m a t u r e  I n d i v i d u a l s  d i d  n o t  d e v i a t e  s i g n i f ­
i c a n t l y  f rom e q u a l i t y  (X^ -  2 , 3 4 ) .  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  
m a l e ,  f e m a l e  and u n d i f f e r e n t i a t e d  a n a k e  e e l s  i s  f o u n d  I n  F i g .  12,  M a t u r e  
f e m a l e s  w e re  s i g n i f i c a n t l y  l a r g e r  ( t  = 3 . 2 ,  d f  = 8 2 ) ,  mean TL 270 mm, 
th a n  m a t u r e  m a l e s ,  mean TL 263 mm.
As t h e  A mer ican  e e l ,  A n g u i l l a  r o s t r a t a , a p p r o a c h e s  s e x u a l  m a t u r i t y ,
t h e  r e l a t i v e  s i z e  o f  t h e  eye I s  s i g n i f i c a n t l y  l a r g e r  when co m pared  t o  
im m a t u r e  fo rms  {Wenner ,  1973; Wenner a n d  Musjick, 1 9 7 4 ) ,  The same
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F i g u r e  12.  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  P l a o d o n o p h l s  c r u e n t l f e r  
f r o m  t h e  J u n e ,  1973 ,  R/V Colu m bus  l a e l l n  c r u i s e *
K1
mhiCJ
W
b.
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phenomenon o c c u r s  I n  t h e  worm e e l ,  A h l i a  eg ra o n t l s  (Cohen and D ean ,  1 9 7 0 ) ,  
A n a l y s i s  o f  v a r i a n c e  f o r  a r c - s i n e  t r a n s f o r m e d  v a l u e s  (Soka l  and  R o h l f ,  
1969) o f  t h e  h o r i z o n t a l  eye d i a m e t e r  e x p r e s s e d  a a  p e r c e n t  o f  t h e  gape  
showed no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  m a tu re  m a l e s ,  m a tu re  f e m a l e s  
and  immature P .  c r u e n t l f e r  (F -  0 - 7 6 ,  d f  = 2 ,  1 1 3 ) ,  Changes  i n  r e l a t i v e  
eye  s i z e  In  A n g u i l l a  r o s t r a t a  and  A h l l a  e g m u n t l s  may r e f l e c t  t h e  move­
ment o f  t h e s e  two s p e c i e s  i n t o  a d i f f e r e n t  h a b i t a t  w i t h  t h e  o n s e t  o f  
m a t u r i t y ,  a  b e h a v i o r  n o t  e x h i b i t e d  by J^. c r u e n t l f e r .
The r e l a t i o n s h i p  b e tw e e n  t o t a l  l e n g t h  and f e c u n d i t y  f o r  21 s p e c im e n s  
from 237 t o  423  mm TL I s  log- j^y -  4 , 2 8 6 9 6  ( l o g j Q x )  -  7 ,3 3 4 0 2 ,  w he re  y I s  
t h e  t o t a l  f e c u n d i t y  and x i s  TL i n  mm ( F i g .  1 3 ) ,  The l e a s t  number o f  
e ggs  was 658 f o r  a 283 mm f i s h  and t h e  g r e a t e s t  was  9013 f o r  a  423 mm 
e e l .  The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r ^  x 100,  Sok.il and R o h l f ,  1969) 
showed tha t .  7 5 , 1% o f  th e  v a r i a t i o n  i n  f e c u n d i t y  I s  a t t r i b u t a b l e  t o  
changes  In  t o t a l  l e n g t h .
The l o n g e s t  h o r i z o n t a l  d i a m e t e r s  o f  t h e  June  o o c y t e s  f e l l  i n t o  two 
n o n - o v e r l a p p i n g  c l a s s e s  ( F i g .  1 4 ) .  F u l l  s e a s o n a l  s a m p l in g  m u s t  be 
c o n d u c te d  t o  d e t e r m i n e  w h e t h e r  two e g g - s i z e  g r o u p s  In o v a r i a n  t i s s u e  
d u r i n g  June  i n d i c a t e  m u l t i p l e  s p a w n in g .
The im m a t u r e  o v a ry  I s  s u s p e n d e d  f rom  t h e  d o r s a l  p e r i t o n e u m  and h a s  
t h e  a p p e a r a n c e  o f  a c o n v o l u t e d  r i b b o n .  H i s t o l o g i c a l  s e c t i o n s  show e a r l y  
and l a t e  s t a g e  111 o o c y t e s  (Combs,  1969)  a l i g n e d  a l o n g  th e  edge  o f  t h e  
o v ig o ro u s  l a m e l l a e  ( F i g .  15A).  E a r l y  s t a g e  I I I  o o c y t e s  have a n  a v e r a g e  
h o r i z o n t a l  d i a m e t e r  o f  0 . 1 1  mm and  a r e  c h a r a c t e r i z e d  by an o v o i d  s h a p e  
and d e n s e l y  b a s o p h i l i c  c y t o p l a s m .  The o v a l ,  c e n t r a l l y - l o c a t e d  n u c l e u s  
i s  d e n s e l y  b a s o p h i l i c  and  0 , 0 5  mm i n  d i a m e t e r .  O ocytea  be tw een  e a r l y  
s t a g e  I I I  a n d  l a t e  s t a g e  I I I  h ave  a d e n s e  b a s o p h i l i c  c y t o p l a s m  and a
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F i g u r e  13,  T o t a l  l e n g t h - t o t a l  f e c u n d i t y  r e l a t i o n s h i p  o f  P i a o d o n o p h i s  
c r u e n t l f e r  f r o m  t h e  N o r f o l k  Canyon  and "Open S l o p e "  a r e a s ,  
J u n e ,  1973 .  y ■ t o t a l  f e c u n d i t y ,  x ■ t o t a l  l e n g t h .
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F i g u r e  1 4 .  F r e q u e n c y  d i s t r i b u t i o n  o f  e g g  d i a m e t e r s  f ro m  P i s o d o n o p b i s  
c r u e n t l f e r  u s e d  i n  t h e  f e c u n d i t y  r e l a t i o n s h i p  f ro m  J u n e ,  
1973 .
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F i g u r e  15.  H i s t o l o g i c a l  s e c t i o n s  o f  g o n a d a l  t i s s u e  fo rm  P iB o d o o o p h i a  
c r u e n t l f e r  c o l l e c t e d  J u n e ,  1973* B o u i n ' s  f i x a t i v e ,  H a r r i s  
h e r a a t o ^ l i n - e o s i n  s t e i n .  (CV -  c y t o p l a s m i c  v e s i c l e ,  I I1 E  -  
e a r l y  s t a g e  I I I  o o c y t e ,  I 1 I L  * l a t e  s t a g e  I I I  o o c y t e ,  AT ■ 
a d i p o s e  t i s s u e .  OVL = o v i g e r o u s  l a m e l l a e ,  N — n u c l e u s ,
FC ™ f o l l i c l e  c e l l s ,  VH = v i t e l l i n e  membrane ,  YG ■ y o l k
g r a n u l e s ,  MM =* n u c l e a r  membrane ,  PVN *■ p r o t o v i t e l l o n u c l e o l i , 
VD -  v a s  d e f e r e n s ,  S = s p e r m a t o z o a )
A. C ro s s  s e c t i o n  o f  o v a r i a n  t i s s u e  f rom  a 255 mm Imm ature
f e m a l e .
B* Crosa  s e c t i o n  o f  a d e v e l o p i n g  o o c y t e  f rom  a 253 mm 
g r a v i d  f e m a le .
C. N u c le u s  o f  o o c y t e  i n  8B*
D. V i t e l l i n e  membrane and  f o l l i c l e  c e l l s  s u r r o u n d i n g  
o o c y t e  p i c t u r e d  i n  6B.
t 
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b a s o p h i l i c  n u c l e u s .  L a t e  s t a g e  I I I  o o c y t e s  h a v e  a mean d i a m e t e r  o f  0 . 1 9  
niti an d  a r e  c h a r a c t e r i z e d  by  a n  I r r e g u l a r  o r  s o m e t im e s  c o n v o l u t e d  c e l l  
membrane and l i g h t l y  b a s o p h i l i c  n u c l e i  and  c y t o p l a s m .  A l th o u g h  l a t e  
s t a g e  I I I  o o c y t e s  may h a v e  c y t o p l a s m i c  v e s i c l e s ,  no y o l k  g r a n u l e s  a r e  
p r e s e n t  and e g g  membranes a r e  u n d e v e l o p e d .
In  m a t u r i n g  f e m a l e s  ( F i g .  17A)t t h e  r i b b o n  s h a p e  o f  t h e  im m a t u r e  
o v a r y  i s  l o s t  a n d  th e  e n t i r e  g u t  c a v i t y  i s  f i l l e d  w i t h  o o c y t e s  w h ic h  a r e  
e a s i l y  d i s l o d g e d  f rom o v a r i a n  c o n n e c t i v e  t i s s u e .  The r i g h t  o v a r y  t e r m i ­
n a t e s  s l i g h t l y  cau d a d  o f  t h e  anus  w h i l e  t h e  l e f t  o v a r y  ends  a t  a b o u t  th e  
l e v e l  o f  t h e  a n u s .  The o v a r y  from a g r a v i d  f e m a l e  c o n t a i n e d  l a r g e  s t a g e  
V o o c y t e a  ( F i g .  15B) w h i c h  h a d  l a r g e  q u a n t i t i e s  o f  e o s i n o p h i l i c  y o l k  
g r a n u l e s ,  c y t o p l a s m i c  v e s i c l e s  and a s p h e r i c a l  t o  s l i g h t l y  e l i p t i c a l  
n u c l e u s  n e a r  t h e  c e n t e r  ( F i g .  15C).  The f o l l i c l e  c e l l  l a y e r  ( F i g .  15D) 
i s  made up o f  h r i c k  s h a p e d  c e l l s ,  21 x 7 yi. The e o s i n o p h i l i c  v i t e l l i n e  
membrane u n d e r l y i n g  t h e  f o l l i c l e  c e l l s  ( F i g .  16A) i s  20 p In w i d t h .  
B a s o p h i l i c  s t l p l i n g  a n d  t h e  s t r i a t e d  a p p e a r a n c e  o f  t h e  v i t e l l i n e  membrane 
s u g g e s t  a m i c r o - t u b u l a r  s y s t e m  f o r  t h e  t r a n s p o r t  o f  m a t e r i a l s  f r o m  t h e  
f o l l i c l e  c e l l s  i n t o  t h e  d e v e l o p i n g  o o c y t e .  However ,  t h i s  can o n l y  be 
b o r n e  o u t  by u l t r a s t r u c t u r a l  s t u d i e s .  The  s m a l l e r  o o c y t e a  ( 0 . 1 - 0 . 3  mm 
i n  d i a m e t e r )  i n  t h e  o v a r y  o f  a  m a t u r i n g  f e m a l e  a r e  c u b o i d a l  In  s h a p e  
( F i g .  1GB) w i t h  b a s o p h i l i c  i n c l u s i o n s  a r o u n d  th e  i n n e r  p e r i p h e r y  o f  t h e  
n u c l e u s ,  t h e  p r o t o v i t e l l o - n u c l e o l i  o f  Combs ( 1 9 6 9 ) .
Immature m a l e s  a r e  r a t h e r  d i f f i c u l t  t o  s e x  due  t o  t h e  s m a l l  i n d i s ­
t i n c t  n a t u r e  o f  t h e  t e s t e s  a t  t h a t  s t a g e .  The p a i r e d  t e s t e s  a r e  a t t a c h e d  
by c o n n e c t i v e  t i s s u e  t o  t h e  d o r s a l  p e r i t o n e u m .  The l e f t  and r i g h t  t e s t e s  
o f  m a tu re  m a l e s  a r e  u n e q u a l  ( F i g .  1 7 C ) . The r i g h t  t e s t i s  i s  com posed  o f  
a b o u t  10 u n e q u a l l y  s i z e d  l o b e s  e x t e n d i n g  f rom  t h e  m i d p o i n t  o f  t h e  c a e c a l
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F i g u r e  16 .  H i s t o l o g i c a l  s e c t i o n s  o f  g o n a d a l  t i s s u e  f rom  P i s o d o n o p h l s  
c r u e n t l f e  r  c o l l e c t e d  J u n e ,  1973,  B o u i n ' s  f i x a t i v e ,  H a r r i s  
hematoxy l i n - e o s i n  s t a i n .  A b b r e v i a t i o n s  same a s  F ig .  15.
A, C ro s s  s e c t i o n  o f  two a d j a c e n t  o o c y t e s  f rom  a 288 mm 
g r a v i d  f i s h  s h o w in g  t h e  v i t e l l i n e  membrane.
B, C ro s s  s e c t i o n  o f  g o n a d a l  t i s s u e  from a 243 nun f e m a le
s h o w i n g  m a t u r i n g  and  s m a l l e r  o o c y t e s .  Mote r a t h e r
I r r e g u l a r  s h a p e  o f  t h e  s m a l l e r  o o c y t e s  and  t h e i r  l a c k  
o f  y o l k  g r a n u l e s .
C, C ro s s  s e c t i o n  o f  a  t e s t i c u l a r  l o b e  from a 240 mm r i p e
male s h o w in g  t h e  p r e s e n c e  o f  s p e r m a t o z o a  i n  t h e  
s e m i n i f e r o u s  t u b u l e 3 .
D, C ro s s  s e c t i o n  o f  g o n a d a l  t i s s u e  from a 243 ram r i p e  ma le
s h o v i n g  t h e  e m p ty in g  o f  t h e  r i p e  s p e r m a t o z o a  from t h e  
t e s t i c u l a r  l o b e s  i n t o  t h e  v a s  d e f e r n s .
B 
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F i g u r e  17,  I n t e r n a l  a n a t o m y  o f  P l a o d a n o p h i s  c r u e n t l f e r .
A. G r a v i d  Fem a le  w i t h  e g g s  f i l l i n g  t h e  p e r i t o n e a l  c a v i t y .  
f E t r i p e d  a r e a  a n d  c i r c l e s  r e p r e s e n t  t h e  e x t e n t  o f  t h e  
o v a r i a n  t i s s u e  w l t l i i n  t h e  c a v i t y )
B. G r a v i d  f e m a l e  w i t h  t h e  e g g s  r e m o v e d  t o  sh o w  t h e  
d i g e s t i v e  t r a c t  a n d  o t h e r  s t r u c t u r e s .
C. M a t u r e  m a le  s h o w i n g  t h e  e x t e n t  o f  t h e  t e s t e s ,  (N = 
a n t e r i o r  n o s t r i l ,  GO -  g i l l  o p e n i n g ,  PF ■ p e c t o r a l  
f i n ,  L = l i v e r ,  TS ■ i n g e s t e d  s e d i m e n t  In  s t o m a c h ,
I  = i n t e s t i n e ,  A = a n u s ,  UGO = u r o g e n i t a l  o p e n i n g ,
K * k i d n e y ,  E “■ e s o p h a g u s ,  S « s t o m a c h ,  SB = s w l m b l a t f d e r t 
TL ™ t e s t i c u l a r  l o b e s )
A B c 
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s to m a c h  c a u d a d  t o  s l i g h t l y  b e h i n d  t h e  anus*  The l e f t  t e s t i s  o r i g i n a t e s  
n e a r  t h e  end  o f  t h e  s to m a c h  a n d  t e r m i n a t e s  n e a r  t h e  v e n t  and h a s  a b o u t  8 
lo b e s *  A c r o s s  s e c t i o n  o f  one  o f  t h e  t e s t i c u l a r  l o b e s  I s  shown In F i g ,  
16C, The v a s  d e f e r n s  e x t e n d s  a l o n g  t h e  d o r s a l  m a rg in  o f  t h e  t e s t i s  
( F i g ,  1 6 D ) , I t s  e x a c t  r e l a t i o n s h i p  w i t h  t h e  u r i n a r y  d u c t  was n o t  d e t e r ­
m ined .  The t e s t i s  i s  composed  o f  n e s t s  o f  g a m e to g e n lc  c e l l s  I n  a v a r i e t y  
o f  s t a g e s  r a n g i n g  f r o m  p r i m a r y  s p e r m a t o g o n i a  t o  m a t u r e  spe rm .
H a b i t s  and F o s s o r l a l  A d a p t a t i o n :
S jmenche l .ys  p a r a s i t i c u s  i s  a  p a r a s i t i c  b o r i n g  e e l  i n  t h e  F l e s h  o f  
f i s h e s  w h e r e  I t  s o m e t im e s  e x c a v a t e s  l a r g e  c a v i t i e f l  (Goode and Bean ,  1896; 
B ige low  a n d  S c h r o e d e r ,  1953)*  Goode and Bean (1896 )  s t a t e d  Htt h e  p e c u l i a r  
and s a v a g e  phys iognomy o f  t h e  f i s h  (_P. c r u e n t i f e r ) s u g g e s t s  a t  once  th e  
i d e a  t h a t  i t  i s  a p a r a s i t i c  b o r i n g  fo rm " .  H a l t e r s  (1955 )  p o i n t e d  o u t  t h a t  
o p h i c h t h i d s ,  w h ich  Were s u p p o s e d l y  p a r a s i t e s ,  w ere  found  i n  t h e  c o e l o m lc  
c a v i t i e s  o f  t h e  " h o s t s "  and  c o n v i n c i n g l y  a r g u e d  t h a t  i n g e s t e d  o p h i c h t h i d s  
c o u l d  r u p t u r e  t h e  a l i m e n t a r y  c a n a l  w i t h  t h e i r  p o i n t e d  t a i l  and e n t e r  th e  
c o e l o m lc  c a v i t y  w h e re  t h e y  becom e mum mif ied .  When t h e  s to m a c h  c o n t e n t s  
o f  7 p a r a s i t i c u s  and  J*. c r u e n t  i f e r  w e re  c o m p a re d ,  1 found w h i t e  
f i b r o u s  m a t e r i a l  w h ich  c l o s e l y  r e s e m b l e d  f i s h  m u sc le  t i s s u e  i n  a l l  S_. 
p a r a s i t i c u s  s t o m a c h s  b u t  none  i n  P.  c r u e n t I f e r . The s n a k e  e e l  s to m a ch s  
c o n t a i n e d  3 s m a l l  c r a b s  f C a n c e r  s p * ) ,  a s i p u n c u l i d ,  and  arophipod and 
p o l y c h a e t e  r e m a i n s .  T h i s  p r o v i d e s  some e v i d e n c e  t h a t  c r u e n t  i f e r  f e e d s  
on b e n t h i c  i n f a u n a  a n d  e p i f a u n a .
O p h i c h t h l d  e e l s ,  p a r t i c u l a r l y  t h e  b e t t e r  known t r o p i c a l  f o rm s ,  a r e  
c h a r a c t e r i z e d  by t h e i r  a b i l i t y  t o  b u r ro w  t a i l - f i r s t  i n t o  t h e  s e d im e n t  
(B oh lke  a n d  C h a p l i n ,  1 9 6 6 ) .  P l s o d o n o p h i s  c r u e n t i f e r  h a s  m o r p h o l o g i c a l  
a d a p t a t i o n s  f o r  a F o s s o r l a l  e x i s t e n c e  w h ich  i n c l u d e  d o r s a l  and  at ia l  f i n s
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o f  low  p r o f i l e ,  m o d e r a t e l y  s m a l l  p e c t o r a l s  and  g i l l  o p e n i n g s ,  a n d  a 
s t o a t ,  p o i n t e d  t a l l .  c r u e n t i f e r  d o e s  n o t  a l t e r  i t s  b a s i c  body s h a p e
e v e n  a s  s e x u a l  m a t u r i t y  i s  a p p r o a c h e d .  E e l s  i n  g e n e r a l  h ave  a h i g h  
f e c u n d i t y  (Wenner and  M ustek ,  1974} and i n  some s p e c i e s ,  s u c h  a s  
S y n a p h o b r a n c h u s  k a u p l , t h e  abdomen becomes  d i s t e n d e d  by  t h e  l a r g e  num ber  
o f  e g g s  (1 0 0 ,0 0 0 +  i n  a 600 nm TL f i s h )  o f  o v e r  1 mm i n  d i a m e t e r  (W e n n e r ,  
u n p u b l i s h e d  o b s e r v a t i o n s ) .  R e l a t i v e l y  low f e c u n d i t y  a n d  t h e  r e l a t e d  
a b s e n c e  o f  a b d o m in a l  d i s t e n t i o n  i n  c r u e n t i f e r  i n s u r e  t h e  m a i n t e n a n c e  
o f  a  s l e e k  o u t l i n e  f o r  r a p i d  p e n e t r a t i o n  i n t o  t h e  s e d i m e n t .  C o n s e q u e n t l y ,  
r e d u c e d  f e c u n d i t y  may be o f  s e l e c t i v e  v a l u e  b e c a u s e  o f  i n c r e a s e d  
p r e s p a w n i n g  s u r v i v a l  o f  f e m a le s ,
The a d a p t a t i o n s  o f  P.  c r u e n t i f e r  f o r  b u r r o w i n g  become even  more  
a p p a r e n t  when t h e  c a u d a l  o s t e o l o g y  i s  compared  t o  t h a t  o f  S y n a p h o b r a n c h u s  
a f f i n i s . S ,  a f f i n i s , a b e n t h o p e l a g l c .  e e ]  ( R o b i n s ,  1 9 7 1 ) ,  has  f a i r l y  
l a r g e  p e c t o r a l s ,  h i g h  d o r s a l  and a n a l  f i n s  w h ich  a r e  c o n f l u e n t  a b o u t  t h e  
t a i l  ( F i g .  18) and normal  c a u d a l  f i n  r a y s .  The s i z e  o f  t h e  d o r s a l  and 
a n a l  f i n  r a y s  i n  P.  c r u e n t  1 f e r  d e c r e a s e s  t o  mere r u d i m e n t s  p o s t e r i o r a l l y  
and t h e s e ,  a s  w e l l  a s  t h e  c a u d a l  f i n  r a y s ,  a r e  o n l y  d e t e c t a b l e  In  c l e a r e d  
and  s t a i n e d  s p e c im e n s  ( F i g .  1 9 ) .  The amount o f  b o n e  i n  t h e  t a l l  when 
com pared  w i t h  th e  h e i g h t  o f  t h e  t a i l  i s  much g r e a t e r  i n  c r u e n t i f e r  
t h a n  i n  ji .  a f  f i n i s . T hese  a t t r i b u t e s  and  t h e  p r e s e n c e  o f  r o b u s t  i n t e r -  
m u s c u l a r  b o n e s  d e c r e a s e  t a l l  f l e x i b i l i t y  and  p r o v i d e  a n  I n c r e a s e d  
r i g i d i t y  t h a t  e n a b l e s  t h e  an im a l  t o  r a p i d l y  p e n e t r a t e  t h e  s e d i m e n t .
The a c t u a l  b u r r o w i n g  b e h a v i o r  o f  c r u e n t i f e r  was  o b s e r v e d  when a 
l i v e  s p e c im e n  t r a w l e d  frcm 280 m a t  3 7 * 3 7 'N ,  7 2 * 0 1 ^  by t h e  R/V A l b a t r o s s  
IV on  March 14,  1974 ,  was p l a c e d  in  an  a q u a r i u m  w i t h  s e v e r a l  i n c h e s  o f  
s a n d y  s e d i m e n t .  The a n im a l  was in  e x c e l l e n t  c o n d i t i o n  and  r e p e a t e d
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o b s e r v a t i o n s  were made o v e r  a p e r i o d  o f  4 days* The f i s h  b ack e d  i n t o  t h e  
s e d i m e n t  u t i l i z i n g  i t s  t a l l  t o  p e n e t r a t e  t h e  s u b s t r a t e .  R ap id  S - s h a p e d  
f l e x u r e s  o f  i t s  body fo l l o w e d  u n t i l  I t  was e i t h e r  p a r t i a l l y  o r  c o m p l e t e l y  
c o v e r e d  w i t h  s e d i m e n t .  Th i s  b u r r o w i n g  b e h a v i o r  c o u l d  be  t h e  r e a s o n  f o r  
t h e  r e l a t i v e  p a u c i t y  o f  t h i s  s p e c i e s  in  t r a w l  c o l l e c t i o n s .
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F i g u r e  If l.  C a u d a l  o s t e o l o g y  o f  S y n a p h o b t a n c h u s  a f f l n l a  f rom  R o b i n s  
( 1 9 7 1 ) .  N o te  t h e  r e l a t i v e  c o n s t a n t  s i z e  o f  t h e  d o r s a l ,  
a n a l  a n d  c a u d a l  f i n  r a y s .  A l s o  t h e  f i n s  a r e  c o n t i n u o u s  
a b o u t  t h e  t a l l .  (DFR ■ d o r s a l  f i n  r a y s ,  CFR = c a u d a l  
f i n  r a y s ,  AFR = a n a l  f i n  r a y s )
OF
R
10
m
m
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F i g u r e  19* C a u d a l  o s t e o l o g y  o f  a  342 mm c l e a r e d  a n d  s t a i n e d  F i s o d o n o p h i a  
c r u e n t  i f e r  (VIMS c o l l e c t i o n  0 0 4 3 3 1 )*  N o te  r e d u c t i o n  i n  s i z e  
o f  t h e  d o r s a l  a n d  a n a l  f i n  r a y s  a s  t h e  t i p  o f  t h e  t a l l  i s  
a p p r o a c h e d .  The  c a u d a l  f i n  r a y s  a r e  r e d u c e d  t o  mere  r u d i ­
m e n t s .  A lso  n o t e  t h e  p r e s e n c e  o f  r o b u s t  i n t e r i m s e u l a r  b o n e s  
{ IM B ) , A l l  o t h e r  a b b r e v i a t i o n s  a r e  same a s  F i g .  18,
IM
B
P a r t  I I ,
The S y n a p h o b r a n c h  i d  e e l s  o f f  t h e  M i d d l e  
A t l a n t i c  c o a s t ,  W e s t e r n  N or th  A t l a n t i c
3b
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I n t r o d u c t i o n
E e l s  o f  t h e  f a m i l y  S y n a p h o b r a n c h i d a e  a r e  i m p o r t a n t  members o f  t h e  
d e e p  w a t e r  f i s h  f a u n a  i n  t h e  w o r l d ' s  o c e a n s .  On ttie b a s i s  o f  d e t a i l e d  
o s t e o l o g i c a l  s t u d i e s ,  R o b in s  a n d  Robins  (1976)  have e x p a n d e d  t h e  c o n c e p t  
o f  t h i s  f a m i l y  t o  I n c l u d e  t h e  nom ina l  f a m i l i e s  Dysommidae and  
S y m e n c b e l y i d a e . D u r i n g  e x t e n s i v e  s e a s o n a l  t r a w l i n g  on t h e  M i d d l e  
A t l a n t i c  c o n t i n e n t a l  s l o p e  and r i s e  a l l  t h r e e  s y n a p h o b r a n c h I d  s u b f a m i l i e s  
w e r e  c o l l e c t e d :  S y n a p h o b r a n c h i n a e  (S y n ap h o h ra n c h u s  k a a p l  J o h n s o n ,  1862
(n  -  7 5 6 5 ) ;  a f f i n i s  G u n t h e r ,  1877 (n = 4 2 9 ) ;  o r e g o n i  C a s t l e ,  I9 6 0  
(n  =* 1 ) ;  S.  b r e v i d o r s a l l s  G u n t h e r ,  1877 (n ■ 1 ) ;  ar.d H l s t i o b r a n c h u s  
b a t h y b i u s  G u n t h e r ,  1877 (n = 1 1 ) ;  Dysomminae ( 11 y o p h l s  b r u n n e u 3  G i l b e r t ,  
1892  (n -  9 6 ) ;  S i m e n c h e l y i n a e  ( S i tn e n ch e ly s  p a r a s i t i c u s  G i l l ,  1879 
(n  -  1 0 5 ) ) .
S y n a p h o b r a n c h u s  k a u p l  l i a s  b een  r e p o r t e d  Trotn the n o r t h  and c e n t r a l  
A t l a n t i c ,  o f f  S o u th  A f r i c a ,  n o r t h e r n  I n d i a n  and P a c i f i c  o c e a n s  ( C a s t l e ,  
1 9 6 4 )  i n  d e p t h s  f rom  236 t o  3200 m w i t h  i t s  c e n t e r  o f  d i s t r i b u t i o n  b e t w e e n  
800  and 2000 m ( G r e y ,  1 9 5 6 ) .  S c h r o e d e r  ( 1 9 5 5 ) ,  Markle  and  M u s ic k  ( 1 9 7 5 ) ,  
M u s te k  et^ a J ,  ( 1 9 7 5 )  a n d  F t a e d r i c h  et^ a l .  ( 1 9 7 5 )  made comments  on  t h e  
d i s t r i b u t i o n  and a b u n d a n c e  o f  k a u p i  i n  t h e  Weste rn  N o r th  A t l a n t i c  and 
B r u u n  (1937)  d i s c u s s e d  th e  d i s t r i b u t i o n  and g ro w th  o f  t h e  l e p t o c e p h a l u s  
l a r v a e  in  t h e  N o r th  A t l a n t i c .  S e d b e r r y  and Musick  ( 1 9 7 8 )  d i s c u s s e d  Food 
h a b i t s  o f  j j ,  k a u p l  on t h e  c o n t i n e n t a l  s l o p e  o f f  V l T g l n l a ,
S y n a p h o b r a n c h u s  a f f i n i s  h a s  been r e p o r t e d  f ron  t h e  N o r t h ,  C e n t r a l  
a n d  S o u th  P a c i f i c  a n d  t h e  n o r t h e r n  I n d i a n  o c e a n s  ( C a s t l e ,  1 9 6 4 ) ,  t h e  
S t r a i t s  o f  F l o r i d a  ( R o b i n s ,  1 9 6 8 ) ,  t h e  B l a k e  P l a t e a u  ( S t a i g e r ,  1 9 7 0 )  and
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o f f  t h e  C o a s t  o f  N o r t h  C a r o l i n a  (Wermer* 1 9 7 5 ) .  T h i s  i s  t h e  m o s t  commonly 
c o l l e c t e d  a y n a p h o b r a n c h i d  e e l  i n  t h e  S t r a i t s  o f  F l o r i d a  w h e r e  i t  i s  found 
f rom  640 t o  1016 m w i t h  t h e  g r e a t e s t  number b e t w e e n  786 and 860  m 
( R o b i n s t 1 9 6 8 ) .
Synaphobraneh t iB  o r e  go t i l  was f i r s t  d e s c r i b e d  by C a s t l e  ( 1 9 6 0 )  from 
s p e c i m e n s  c o l l e c t e d  i n  t h e  G u l f  o f  Mexico .  A ls o  i n c l u d e d  i n  t h i s  r e p o r t  
w e r e  t h e  f i r s t  A t l a n t i c  r e c o r d s  o f  S, b r e v i d o r s a l i s  w h ich  h a d  p r e v i o u s l y  
b e e n  found  i n  t h e  n o r t h e r n  I n d i a n  Ocean and  t h e  n o r t h  and  c e n t r a l  P a c i f i c  
Ocean  ( C a s t l e *  1 9 6 4 ) .
C a s t l e  ( 1 9 6 4 )  p r e s e n t e d  e v i d e n c e  and a r g u e d  f o r  t h e  a c c e p t a n c e  o f  
H i a t i o b r a n c h u s  G i l l *  1883  a s  a  v a l i d  genus  o f  s y n a p h o b r a n c h i d  e e l s .  Of 
t h e  t h r e e  n o m i n a l  s p e c i e s *  he  r e c o g n i z e d  o n l y  one* H, b a t h y b i u s  G un the r*  
1877 and d e s c r i b e d  a new fo rm ,  H. b r u n n l „ from t h e  P a c i f i c  O c e a n ,
Members o f  t h i s  g e n u s  a r e  p r i m a r i l y  a b y s s a l :  H, b a t h y b i u s  6 4 4 - 3 7 4 9  m
( G r e y ,  1956 ) ;  b r u n o i  4 1 8 7 -4 9 7 4  m ( C a s t l e ,  1 9 6 8 ) ,  Bruun ( 1 9 3 7 ) ,  b a s e d  
on a l i m i t e d  number  o f  l a r v a e ,  p o s t u l a t e d  t h a t  _H. b a t h y b i u s  h a s  a 
r e s t r i c t e d  s p a w n i n g  s e a s o n  and t h a t  i t s  r e p r o d u c t i v e  p a t t e r n  i s  s i m i l a r  
t o  o t h e r  e e l s  t h a t  spawn i n  t h e  S a r g a s s o  S e a ,  C a s t l e  (1964)  p o i n t e d  o u t  
t h a t  t h e  s i m i l a r i t y  may be  o n l y  s u p e r f i c i a l *
S i m e n c h e l y s  p a r a s i t i c u s  i s  a c o s m o p o l i t a n  s p e c i e s  w h i c h  h a s  b e e n  
c o l l e c t e d  i n  t h e  e a s t e r n  N o r th  A t l a n t i c  from a b o u t  15*-46*N* 2*-33*W, 
t h e  w e s t e r n  N o r t h  A t l a n t i c  f rom  a b o u t  38”-44*N* 56*-73*W ( G r e y ,  1 9 5 6 ) ,  
t h e  w e s t e r n  P a c i f i c  from a b o u t  4 l " S ,  174*E ( C a s t l e *  1961) and  t h e  c e n t r a l  
P a c i f i c  from 19 - 2 2  N, 166 -171  E ( S o lo m o n -R a ju  a n d  R o s e n b l a t t ,  1 9 7 1 ) ,  
T l i i s  s p e c i e s  h a s  b e e n  r e p o r t e d  t o  be p a r a s i t i c ,  b u r r o w i n g  i n t o  t h e  b o d i e s  
o f  l a r g e r  f i s h e s  ( B ig e lo w  and  S c h r o e d e r ,  1 9 5 3 ) .
I l y o p h l s  b r u n n e u s  h a s  b e e n  found  in  t h e  N o r t h  A t l a n t i c ,  o f f  Sou th
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A f r i c a  ( G r e y ,  1 9 5 6 ) ,  n o r t h e r n  I n d i a n  Ocean and t h e  c e n t r a l  E a s t  P a c i f i c  
( C a s t l e *  1964)  i n  d e p t h s  f ro m  760 m ( S t a l g e r ,  1970) to  2615 tn ( G r e y ,  
1 9 5 6 ) .  R o b in s  ( 1 9 6 8 )  p r o v i d e d  d e t a i l e d  o s t e o l o g i c a l  d e s c r i p t i o n s ,  c o u n t s  
and  m e a s u r e m e n t s  and  o b s e r v a t i o n s  on  t h e  l i f e  h i s t o r y  and  e c o l o g y  o f  t h i s  
s p e c i e s  f r o m  s p e c i m e n s  c o l l e c t e d  n e a r  t h e  S t r a i t s  o f  F l o r i d a .
A l t h o u g h  t h e r e  h a v e  b een  many p u b l i s h e d  a c c o u n t s  o f  a y n a p h o b r a n c h i d  
e e l s ,  m os t  h a v e  p e r t a i n e d  t o  t h e  s y s t e m a t i c  s t a t u s  o f  t h i s  d e e p - s e a  
f a m i l y .  R e p o r t s  d e a l i n g  w i t h  o t h e r  a s p e c t s  o f  t h e  b i o l o g y  o f  t h e s e  
f i s h e s  a r e  e i t h e r  a n e c d o t a l  i n  n a t u r e  o r  a r e  b a sed  on a l i m i t e d  number of  
c o l l e c t i o n s .  The p u r p o s e  o f  t h i s  r e p o r t  i s  t o  p r o v i d e  d e t a i l e d  d i s t r i b u ­
t i o n a l  a n d  a b u n d a n c e  e s t i m a t e s ,  r e p r o d u c t i v e  p a t t e r n s  and  o t h e r  
b i o l o g i c a l  o b s e r v a t i o n s  o n  members o f  t h i s  f a m i ly  o f f  t h e  M idd le  A t l a n t i c  
s t a t e s  o f  t h e  LT. S.
M a t e r i a l s  and Methods
D a t a  f rom  s e v e n  c r u i s e s  w e re  u t i l i z e d  i n  t h i s  s t u d y  ( T a b l e  3 ) .  A l l  
c o l l e c t i o n s  w e re  made w i t h  e i t h e r  l i n e d  1 3 .7  m o r  9 . 1  m s e m i - b a l l o o n  
o t t e r  t r a w l s  e q u i p p e d  w i t h  s t e e l  "V>f d o o r s  e x c e p t  on c r u i s e  E -2 -7 4  when 
wooden d o o r s  w e re  u s e d  ( s e e  Mustek  ej: a d . ,  1975 f o r  d e t a i l e d  g e a r  d im en­
s i o n s ) .  The t r a w l  w as  f i s h e d  f o r  0 . 5 - h  i n  d e p t h s  l e s s  t h a n  2000 tn and 
1 . 0 - h i n  g r e a t e r  d e p t h s .  Only s u c c e s s f u l  s t a t i o n s ,  i . e . ,  n e t  i n t a c t ,  
e v i d e n c e  o f  b e n t h i c  c o n t a c t  (mud,  b e n t h i c  i n v e r t e b r a t e s  I n  t r a w l )  w e re  
i n c l u d e d  i n  t h e  d a t a .  T raw l  c a t c h e s  o f  1 -h  d u r a t i o n  were  c o n v e r t e d  t o  
c a t c h / 0 . 5 - h  tow f o r  a n a l y s i s .  Mean d e p t h  o f  t r a w l  was c a l c u l a t e d  f rom  
v a l u e s  o b t a i n e d  e v e r y  3 min a f t e r  t h e  t r a w l  was s e t  ( -  end o f  w i r e  pay 
o u t )  In  d e p t h s  l e s s  t h a n  2000 m a n d  a f t e r  e v e r y  6 min i n  d e p t h s  g r e a t e r  
t h a n  2 0 0 0  m. H y d r o g r a p h i c  d a t a  w e r e  o b t a i n e d  by XDT's,  Nansen b o t t l e s  
w i t h  r e v e r s i n g  t h e r m o m e t e r s , o r  CTD c a s t s .
4 0
T a b l e  3 ,
C o l l e c t i o n  d a t a  o f  c r u i s e s  f o r  S y n a p h o b r a n c h i d a e
Date V e s s e l
A r e a  Sam pled  
L a t i t u d e  N O t t e r  T raw l
J u n e  1973 R/V I s e l l n 36 * 4 0 ' - 3 7 ' 1 0 ' 1 3 . 7  m
A p r i l  1974 R/V E a s t w a r d 9 . 1 m
May 1974 R/V D e law are  11 3 S al e , - 3 9 ‘ lO, 1 3 . 7  m
Nov. 1974 R/V C l l l i B B 3 6  * 4 0 ' - 3 7  *10* 1 3 . 7  m
J u l y  1975 R/V E a s t w a r d 3 6 * 4 01- 3 8 t 40' 9 . 1  m
S e p t .  1975 R/V G i l l l B B 3 6 * 4 o , - 3 7 ' i o ' 1 3 . 7  m
J a n .  1976 R/V C l l l i B s 3 6 * 4 0 1- 3 7  *10* 1 3 . 7  m
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S p e c i f i c  i d e n t i f i c a t i o n  o f  a y n a p h o b r a n c h i d  e e l s  was b a s e d  on th e  
f o l l o w i n g  p a p e r s :  C a s t l e  ( 1 9 6 0 ,  1964 ,  1 9 6 8 ) ;  R o b in s  (1 9 6 8 ,  1 9 7 1 ) ;  and
R o b in s  and R o b in s  ( 1 9 7 6 ) .
S pec im ens  r e a d i l y  i d e n t i f i a b l e  a t  s e a  w e r e  m e a s u re d  t o  t h e  n e a r e s t  
mm t o t a l  l e n g t h  (T L ) ,  a r e p r e s e n t a t i v e  s e r i e s  w e ighed  t o  t h e  n e a r e s t  g
TTJ
on an  Ohaus " D ia l -O -G ra m "  s c a l e ,  a n d  s e x  a n d  r e l a t i v e  gonad c o n d i t i o n  
r e c o r d e d  a s  f o l l o w s :
Sex and C o n d i t i o n
( I n d i f f e r e n t  i a t s d
K ale  Immature
H ale  R,
Male R ipe
Female Immature
Female R
1
Female G ra v id
g o n ad s  e i t h e r  n o t  v i s i b l e  o r  i f  v i s i b l e  
l a c k i n g  enough m o r p h o l o g i c a l  d i f f e r e n t i ­
a t i o n  t o  be  s e x c d
b a s i c  c o n v o l u t e d  t e s t i c u l a r  s h a p e  
p r e s e n t ,  b u t  v e r y  s m a l l  in  s i z e ,  c l e a r  
i n  c o l o r
t e s t e s ,  w h i t e  s l i g h t l y  s w o l l e n ;  c o n v o lu ­
t i o n s  r e a d i l y  v i s i b l e ,  b u t  s t i l l  
r e l a t i v e l y  s m a l l
t e s t e s  n o t i c e a b l y  s w o l l e n ,  w h i t e  and 
o paque
b a s i c  r i b b o n  s h a p e d  s t r u c t u r e  o f  th e  
o v a r y  p r e s e n t ;  n o  eggs  v i s i b l e ;  c l e a r  
i n  c o l o r
r i b b o n  s h a p e d  o v a r y  l a r g e r  i n  s i z e ,  
s m a l l  e g g s  v i s i b l e  i n  o v a r y  0 . 2 5 - 0 . 5  
mm i n  d i a m e t e r ) ; w h i t e  and o p a q u e
o v a r y  composed  o f  m a s s e s  o f  l a r g e  w h i t e ,  
o p a q u e  e g g s  w h ic h  F i l l  up t h e  c o e lo m lc  
c a v i t y
A s u b s a m p le  o f  gonads  was p l a c e d  I n  D a v i d s o n ’s  f i x a t i v e  (Mumason,  1972) 
f o r  r o u t i n e  h i s t o l o g i c a l  p r o c e d u r e s  u t i l i z i n g  H a r r i s - h e m a t o x y l i n - e o s i n  
s t a i n .  F e c u n d i t y  e s t i m a t e s  w ere  made from a s u b s a m p le  o f  g r a v i d  
S^ . k a u p i  f o l l o w i n g  t h e  p r o c e d u r e s  o u t l i n e d  i n  Wenner and M ustek  (1 9 7 2 ) .  
M orphom et r ic  d a t a  w e r e  t a k e n  on p r e s e r v e d  s p e c i m e n s  and  c o u n t s  were  made
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e i t h e r  On c l e a r e d  a n d  s t a i n e d  s p e c i m e n s  ( T a y l o r ,  19671 o r  f ro m  x - r a y  
p h o t o g r a p h s  f o l l o w i n g  t h e  m e th o d s  o f  R o b i n s  ( 1 9 7 1 ) ,  A n a l y s i s  o f  t h e  
t r a w l  d a t a  f o l l o w e d  E l l i o t t  ( 1 9 7 1 )  w h e r e a s  o t h e r  s t a t i s t i c a l  p r o c e d u r e s  
f o l l o w e d  t h o s e  o f  S o k a l  and  R o h lF  ( 1 9 6 9 )  and  G u e n t h e r  ( 1 9 6 4 ) .
R e s u l t s  a n d  D i s c u s s i o n  
S u b f a m i l y  S y n a p h o b r a n c h i n a e : S y n a p h o b r a n c h e s  k a u p l
D i s t r i b u t i o n ,  A b u n d a n c e  and  S i z e :
On t h e  M i d d l e  A t l a n t i c  c o n t i n e n t a l  s l o p e  and  r i s e ,  a  t o t a l  o f  7565 
js.  k a u p i  w e r e  c o l l e c t e d .  T h i s  s p e c i e s  w as  fo u n d  In  2 o f  17 s u c c e s s f u l  
1 3 . 7  m t r a w l s  b e t w e e n  300 a n d  399 m, w h e r e a s  i t  o c c u r r e d  i n  72 o f  79 
tows b e t w e e n  400  a n d  2200  tn. I t  w as  n o t  e n c o u n t e r e d  i n  any o f  t h e  22 
tows  d e e p e r  t h a n  2200  m. The minimum d e p t h  o f  c a p t u r e  was  316 m and the 
maximum w as  2196  m. P l o t s  o f  t h e  l o g  (x  + 1)  v a l u e s  o f  t h e  number and 
b i o m a s s  p e r  0 . 5 - h  t r a w l  a r e  i n  l ' i g .  2 0 .  When t h e s e  t r a n s f o r m e d  v a l u e s  
w e r e  p l a c e d  i n t o  t r e a t m e n t  g r o u p s  ( 3 0 0 - 3 9 9  m; 4 0 0 - 6 9 9  m; 7 0 0 -999  m; 
1 0 0 0 -1 2 9 9  1 3 0 0 - 1 5 9 9  m; 1 6 0 0 - 1 8 9 9  m; 1 9 0 0 -2 1 9 9  m ) ,  a n a l y s i s  o f  v a r i a n c e
showed h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  (n u m b er  p e r  0 . 5 - h  tow; F ■ 2 6 .9 2 ,  
d f  -  6 ,  8 9 ;  b i o m a s s  p e r  0 , 5 - h  to w ;  F = 3 3 . 4 1 ,  d f  = 6 ,  8 9 ) .  S c h e f f e ' s  
l i n e a r  c o n t r a s t  t o  d e t e r m i n e  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t r e a t m e n t  
means  s how e d  t h e  3 0 0 - 3 9 9  m a n d  t h e  1 9 0 0 - 2 1 9 9  m d e p t h s  t o  be s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  t h e  r e m a i n d e r .  S a m p l i n g  was  n o t  i n t e n s i v e  enough  t o  
r e d u c e  t h e  v a r i a n c e  s o  t h a t  a  d e p t h  o f  maximum a b u n d a n c e  c o u l d  be 
d i s c e r n e d .  F o r  p r e d i c t i v e  a n d  c o m p a r a t i v e  p u r p o s e s ,  g e o m e t r i c  means,  95£ 
c o n f i d e n c e  l i m i t s  a n d  e x t r e m e s  o f  t h e  num b e r  a n d  b i o m a s s  o f  S^ . k a u p l /  
0 . 5 - h  1 3 . 7  m o t t e r  t r a w l  a r e  f o u n d  i n  T a b l e  4 ,  S y n a p h o b r a n c h u s  k a u p i  uaa 
c a p t u r e d  i n  t e m p e r a t u r e s  f rom  3 . 4  t o  8 . 7 * C  w i t h  t h e  l a r g e s t  number t a k e n  
b e t w e e n  3 . 5  a n d  5 . 5 - C ( F i g .  2 1 ) .
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F i g u r e  20.  Log (n u m b er  +  l ) / 0 . 5 - h  ( l o w e r )  a n d  Log ( b i o m a s s  {g} + 1 ) /
0 . 5 - h  tow  ( u p p e r )  f o r  S y n a p h o b m n c h u s  k a u p i  o n  t h e  c o n t i n e n t a l  
s l o p e  o f f  t h e  M id d l e  A t l a n t i c  c o a s t  o f  t h e  U. S.  D o t s  = 1 3 . 7  
m a n d  x ' s  =■ 9 . 1  m o t t e r  t r a w l  c o l l e c t i o n s .
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F i g u r e  21.  Log {number  + 1) o f  Bynaphobranchua  k a u p l  I n  0 , 5 - h  1 3 . 7  m 
o t t e r  t r a w l  c o l l e c t i o n s  o f f  t h e  M id d le  A t l a n t i c  c o a s t  o f
4a
t h e  U, S.  a s  a f u n c t i o n  o f  b o t t o m  t e m p e r a t u r e  ( C)>
oMJSO/0+ «3flwnN)CI0 0 1
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T h i s  s p e c i e s  i s  an  i m p o r t a n t  p a r t  o f  t h e  d e m e r s a l  f i s h  community 
f rom  500 t o  1800 m ( F i g .  2 2 ) .  A n a l y s i s  o f  v a r i a n c e  p e r f o r m e d  on t h e  
a r c s i n e  t r a n s f o r m e d  v a l u e s  o f  t h e  p e r c e n t  o f  t h e  t o t a l  f i s h  c a u g h t / 0 . 5 - h ,
1 3 . 7  m o t t e r  t r a w l  by n um be rs  and  b io m a s s  w h ich  w ere  g r o u p e d  i n t o  t h e  
p r e v i o u s l y  m e n t i o n e d  d e p t h  r a n g e s ,  showed s i g n i f i c a n t  d i f f e r e n c e s  a t  th e  
99% l e v e l  {% n u m b e r s :  F = 2 0 . 9 1 ,  d f  » 6 ,  S 9 ;  % b io m a s s :  F “ 1 5 . 5 1 ,
d f  ■ 6 ,  8 9 ) .  L i n e a r  c o n t r a s t s  by t h e  S c h e f f c  method ( G u e n t h e r ,  1964)  
showed t h a t  t h e  i m p o r t a n c e  o f  S^ . k a u p i  i n  t h e  t o t a l  c a t c h  o f  b e n t h i c  
f i s h e s ,  b o t h  i n  numbers  a n d  b i o m a s s ,  was  s i g n i f i c a n t l y  l e a s  In t h o s e  
d e p t h s  a t  t h e  e x t r e m e s  o f  t h e  d i s t r i b u t i o n a l  r a n g e  ( 3 0 0 - 3 9 9  m; 1900-2199  
m) . The c o n t r i b u t i o n  o f  _S. k a u p i  t o  t h e  t o t a l  b e n t h i c  f i s h  communi ty  i s  
t h e  g r e a t e s t  b e t w e e n  4 0 0 - 1 8 9 9  m. Means ,  95% c o n f i d e n c e  l i m i t s  and 
e x t r e m e s  f o r  t h e  t r e a t m e n t  g r o u p s  a r e  i n  T a b l e  4,
The d e n s i t y ,  e x p r e s s e d  a s  number a n d  w e i g h t  (got) / 1 0 0 0  o f  S_. k a u p l
was  e s t i m a t e d  f r o m  t h e  p r o d u c t  o f  t h e  d i s t a n c e  t r a w l e d  o b t a i n e d  f rom 
L oran -C  f i x e s  a t  t h e  s t a r t  a n d  end o f  t h e  t r a w l  and 6 . 7  m, t h e  sweep  o f  
t h e  13 .7  m t r a w l  (M u s ic k ,  p e r s o n a l  c o m m u n i c a t i o n ) .  The h i g h e s t  d e n s i t i e s  
o f  j5. k a u p l  w e r e  o b s e r v e d  b e t w e e n  800 a n d  1400 nu
N um ber /1000  ra  ^ W e i g h t ( g m ) / I  000
D epth  i n t e r v a l  (m) x ( e x t r e m e s ) x ( e x t r e m e s ) n_
400-599 1 . 2 ( 0 , 2 - 2 . 2 ) 2 9 ( 6 - 4 4 ) 3
600-799 6 . 9 ( 3 . 1 - 1 8 .  3) 1 5 8 ( 1 5 - 5 2 0 ) 7
800-999 1 0 . 4 ( 4 . 3 - 1 5 .  6) 2 8 6 ( 1 1 9 - 5 2 3 ) 6
1000-1199 1 1 . 1 ( 1 . 5 - 1 6 .  3) 5 5 1 ( 8 1 - 9 3 0 ) 3
1200-1399 4 8 . 8 2490 1
1400-1599 6 . 3 ( 0 . 6 - 1 6 .  2) 2 5 1 ( 3 8 - 7 7 1 ) 4
1600-1799 1 . 3 ( 0 . 4 - 3 . 3 1 1 5 5 ( 4 1 - 3 5 5 ) 4
1800-1999 5 . 0 ( 0 , 1 - 9 . 8 3 1 8 ( 7 - 6 2 8 ) 2
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F i g u r e  2 2 .  P e r c e n t  o f  t o t a l  c a t c h  hy n u m b e rs  ( u p p e r )  a n d  b i o m a s s  ( l o w e r )  
f o r  S y n a p h o b r a n c h u s  k a u p l  c o l l e c t e d  o f f  t h e  M i d d l e  A t l a n t i c  
c o a s t  o f  t h e  U. S.  D o ts  = 1 3 ,7  m a n d  x 1s  = 9 . 1  m o t t e r  t r a w l  
c o l l e c t  i o n s ,
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Cohen a n d  F a w so n  ( 1 9 7 7 )  e s t i m a t e d  t h e  d e n s i t y  o f  S,  k a u p i  f r o m  v i s u a l  
c o u n t s  a n d  p h o t o g r a p h s  from D .S . f t .V .  A l v i n  o f f  t h e  New J e r s e y  c o a s t .  
T h e i r  s h a l l o w e s t  t r a n s e c t  was a t  1768 m a n d  t h e i r  e s t i m a t e s  w e r e  c l o s e  
t o  t h o s e  o b t a i n e d  w i t h  t h e  1 3 , 7  m t r a w l  f i s h e d  a t  c o m p a r a b l e  d e p t h s  in  
t h e  N o r f o l k  Canyon a r e a ,  C r a s s l e  e t  a l . ' s  ( 1 9 7 5 )  e s t i m a t e s  f ro m  
p h o t o g r a p h i c  t r a n s e c t s  o f f  s o u t h e r n  New E n g l a n d  f r o m  D . S , R . V ,  A l v i n  gave  
e s t i m a t e s  t h a t  w e re  w i t h i n  t h e  r a n g e s  o f  t r a w l  e s t i m a t e s .  P l o t s  o f  t h e  
e s t i n ^ t e s  f r o m  a l l  t h r e e  m e thods  a t  d i f f e r e n t  d e p t h s  a r e  i n  F i g u r e  23,
H o s t  p u b l i s h e d  a c c o u n t s  d e a l i n g  w i t h  t h e  d i s t r i b u t i o n  a n d  a b u n d a n c e  
o f  k a u p i  h a v e  b e e n  b a a e d  on a n  I n s u f f i c i e n t  number  o f  s a m p l e s  t o  
d e l i n e a t e  t h e s e  p a t t e r n s .  S c h r o e d e r  ( 1 9 5 5 )  c o l l e c t e d  ]5. k a u p 1 b e t w e e n  
Nova S c o t i a  a n d  V i r g i n i a  i n  402 t o  1335 m ( h i s  d e e p e s t  t r a w l )  w i t h  1 0 . 7  
m, 1 5 . 2  m a n d  1 8 . 3  m o t t e r  t r a w l s  f i s h e d  f o r  0 . 5  t o  1 , 0 - h *  H i s  m o s t  
a b u n d a n t  a p o d a l  f i s h ,  k a u p i , w as  found  i n  maximum c o n c e n t r a t i o n s  i n  
d e p t h s  f r o m  823 t o  914  m. The p o r t i o n  o f  h i s  s t u d y  a r e a  n o r t h  o f  43*N 
ga v e  h i g h e r  c a t c h  r a t e s  t h a n  t h o s e  s o u t h  t o  37*N. H a e d r i c h  a n d  H orn  
( 1 9 7 0 )  a n d  H a e d r i c h  a n d  P o l l o n i  ( 1 9 7 4 )  found  j l .  k a u p i  t o  make up  14% and 
10% o f  t h e  n u m b e r  o f  b e n t h i c  f i s h e s  c a u g h t  i n  o n e  h o u r  1 2 . 2  m o t t e r  
t r a w l s  i n  1280  m a n d  1500 t o  1960 m f rom Hudson  Canyon (39  1 8 ’ N, 72 00'W). 
A n a l y s i s  o f  t h e  d a t a  o f  M a rk le  a n d  M u s te k  ( 1 9 7 4 )  found  S^ * k a u p l  t o  make 
up f r o m  0  t o  71% f x  ™ 18%, 95% c o n f i d e n c e  l i m i t s  * 1,  4 8 )  o f  t h e  b e n t h i c  
f i s h e s  c a u g h t  w i t h  a  1 2 . 2  m o t t e r  t r a w l  i n  a  t r a n s e c t  f r o m  3 6 * 2 4 ' N  to  
3 9 *5C 'N  i n  a b o u t  900  m o f  w a t e r  on  t h e  c o n t i n e n t a l  s l o p e  o f f  t h e  e a s t e r n  
U n i t e d  S t a t e s .  H a e d r i c h  e t  d .  ( 1 9 7 5 )  f o u n d  ^>. k a u p l  t o  b e  o n e  o f  t h e  
d o m i n a n t  s p e c i e s  I n  4 . 9  m t r a w l  s a m p l e s  i n  t h e i r  " m i d d l e ” ( 3 9 3 - 1 0 9 5  m) 
a n d  " d e e p "  ( 1 2 7 0 - 1 9 2 8  in) zones  w h e r e  t h i s  s p e c i e s  c o m p r i s e d  52 ,7%  and  
4 . 8 % ,  r e s p e c t i v e l y ,  o f  t h e  numbers  o f  f i s h e s  c a u g h t .  H a e d r i c h  ejt a l .
49
F i g u r e  23. Number o f  SynaphobranchuB  k a u p i  p e r  1000 a t  v a r i o u s  
d e p t h s  e s t i m a t e d  f rom v i s u a l  c o u n t s  f ro m  D .S .R .V ,  A l v i n  
(C ohen  and  P aw son ,  197 7 ) ,  p h o t o g r a p h i c  t r a n s e c t s  f rom  
D .S .R .V .  A l v t n  ( G r a s s l e  a l . 1975 ,  Cohen and Paw son ,  
1 9 7 7 )  and 1 3 , 7  m b e n t h i c  o t t e r  t r a w l s .
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(19 75) sh o w e d  t h e  maximum a b u n d a n c e ,  b o t h  i n  numbers and  b i o m a s s ,  t o  be 
a r o u n d  700 m ( s e e  t h e i r  F i g u r e  5 ) .  G r a s s l e  e t  a l ,  ( 1 9 7 5 )  In  a p h o to ­
g r a p h i c  c e n s u s  o n  t h e  c o n t i n e n t a l  s l o p e  o f f  New England  found  :S. k a u p l  
t o  be  a b s e n t  f r o m  s t a t i o n s  a t  4 9 5 -499  m a n d  1778-1822 m, most  a b u n d a n t  
a t  s t a t i o n s  f r o m  9 9 2 - 1 0 0 0  m a n d  1465-1550 m and l e s s  a b u n d a n t  a t  s t a t i o n s  
a t  1 2 9 8 -1 3 6 0  m a n d  1 7 9 8 - 1 8 3 0 .
The p r e s e n t  s t u d y  a g r e e s  w i t h  t h e  p r e v i o u s l y  p u b l i s h e d  a c c o u n t s  o f  
t h e  I m p o r t a n c e  o f  i>. k a u p l  I n  t h e  d e m e r s a l  f i s h  community on the 
c o n t i n e n t a l  s l o p e  o f f  t h e  e a s t e r n  U. S, c o a s t .  All  p u b l i s h e d  a c c o u n t s  
f a l l  w i t h i n  t h e  r a n g e s  f o u n d  In  t h i s  s t u d y  (Tab le  4 ) ,  h o w e v e r ,  b e c a u s e  
o f  d i f f e r e n t  g e a r s  ( 4 . 9  t o  1 8 . 3  m t r a w l s ,  p h o t o g r a p h s )  s t a t i s t i c a l  
c o n ^ i a r l s o n s  c a n n o t  b e  m a de .
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  a l l  I n d i v i d u a l s  f ro m  t h e  seven  
c r u i s e s  I s  i n  F i g u r e  24 .  The s m a l l e s t  i n d i v i d u a l  was 103 ran TL w h e r e a s  
t h e  l a r g e s t  was 725  mm TL, B u l l l s  and S t r u h s a k e r  (1955)  found  s i g n i f i ­
c a n t  c o r r e l a t i o n s  b e t w e e n  mean s i z e  and d e p t h  o f  c a p t u r e  f o r  s e v e r a l  
s p e c i e s  on  t h e  c o n t i n e n t a l  s l o p e  i n  t h e  w e s t e r n  C a r i b b e a n .  As p o i n t e d  
o u t  by Wenner  a n d  M u s ic k  ( i n  p r e s s ) ,  t h e  u s e  o f  means t o  c o r r e l a t e  
c h a n g e s  i n  s i z e  w i t h  d e p t h  masks t h e  v a r i a b i l i t y  i n  s i z e  f o r  a p a r t i c u l a r  
d e p t h .  S i z e - d e p t h  r e l a t i o n s  f o r  _S. k a u p l  c o l l e c t e d  i n  t h e  Middle 
A t l a n t i c  B i g h t  a r e  i n  F i g u r e  2 5 .  A g e n e r a l  t r e n d  was o b s e r v e d  f o r  
s m a l l e r  I n d i v i d u a l s  t o  b e  found  i n  t h e  s h a l l o w e r  d e p t h s  (300-500  tn) on 
th e  c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a .
A n a l y s i s  o f  c o v a r i a n c e  showed s i g n i f i c a n t  d i f f e r e n c e s  in  s l o p e s  
(F = 1 1 . 9 3 ,  d f  -  I* 671)  a n d  a d j u s t e d  means  (F * 36, 59,  d f  = 1, 672) In  
t h e  l e n g t h - w e i g h t  r e l a t i o n s  o f  male  and f e m a l e  S, k a u p i  i n  t h e  i n t e r v a l  
o f  s i z e  o v e r l a p  b e t w e e n  m a l e s  and  f e m a l e s  (270-470 mm TL) . The
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F i g u r e  2U- L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  S y n a p h o b ra n c h u a  k a u p i  f rom  
s e v e n  c r u i s e s  o f f  t h e  M id d le  A t l a n t i c  c o a s t  o f  t h e  U, £*
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F i g u r e  2 5 .  S i z e - d e p t h  r e l a t i o n  f o r  S y n a p h o b r a n c h u a  k a u p i  c o l l e c t e d  w i th
1 3 . 7  m o t t e r  t r a w l s  o f f  t h e  M i d d l e  A t l a n t i c  c o a s t  o f  t h e  
U. 5 ,  Number a t  l e f t  I n  p a r e n t h e s i s  i s  t h e  number c a u g h t  in 
t h e  d e p t h  i n t e r v a l .  Upper v e r t i c a l  l i n e  i s  th e  mean;  the  
b o x  b e l o w  t h e  mean i s  t h e  95X c o n f i d e n c e  I n t e r v a l  and the  
b o t t o m  l i n e  i s  t h e  r a n g e .
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i e n g t h - w e i g h t  r e l a t i o n  f o r  males  i s  i n  F i g u r e  2 6 ,  a n d  t h e  e q u a t i o n  f o r  
f e m a l e s  o v e r  t h e  e n t i r e  s i z e  r a n g e  ( 2 7 0 - 7 0 0  mm TL) i s  i n  F i g u r e  27,
R e p r o d u c t  Ion  
Morphology
The p a i r e d  t e s t e s  i n  m a tu r e  S.  k a n p i  a r e  c o m p r i s e d  o f  u n e q u a l l y  
s i z e d ,  creamy w h i t e  l o b e s  t h a t  a r e  s u s p e n d e d  from t h e  d o r s a l  p e r i t o n e u m .  
The l e f t  t e s t i s  which  i s  t h e  l o n g e s t ,  o r i g i n a t e s  a t  t h e  l e v e l  w h e r e  t h e  
c a e c a l  s tom ach  e m p t i e s  i n t o  t h e  i n t e s t i n e .  The r i g h t  t e s t i s  b e g i n s  
s l i g h t l y  i n  a d v a n c e  o f  t h e  l e f t .  Both  r u n  ca u d a d  p a s t  t h e  v e n t  w i t h  t h e  
r i g h t  t e s t i s  e n d i n g  a mean d i s t a n c e  o f  223! o f  t h e  t o t a l  l e n g t h  o f  t h e  
f i s h  ( e x t r e m e s :  21-26%, N = 6) p a s t  t h e  a n u s .  The l e f t  goes f a r t h e r
b a c k  t o  t e r m i n a t e  a mean d i s t a n c e  o f  26% ( e x t r e m e s :  23-30%, N = 6)
cau d a d  o f  t h e  a n u s .  S p e r m a t i c  d u c t s  w i t h i n  t h e  c o n v o l u t e d  l o b e s  c h a n n e l  
m a t u r e  s p e r m a t o z o a  i n t o  t h e  vas  d e f e r e n s  which a r e  f o u n d  oti t h e  d o r s a l  
p a r t  o f  t h e  t e s t e s .  T h e s e  u n i t e  t o  fo rm  a coimion d u c t  t h a t  t r a n s p o r t s  
s p e rm  to  t h e  u r o g e n i t a l  o p e n i n g  w h ich  i s  d i r e c t l y  b e h i n d  t h e  v e n t .
H i s t o l o g i c a l  s e c t i o n s  o f  t e s t e s  f rom  r i p e  m a le s  showed t h e  s e m i n i ­
f e r o u s  t u b u l e s  t o  be p a c k e d  w i t h  m a t u r e  s p e r m a t o z o a  ( F i g .  2BA). O t h e r  
c e l l  t y p e s  i n  t h e  m a t u r a t i o n  p r o c e s s ,  s u c h  a s  p r i m a r y  and  s e c o n d a r y  
s p e r m a t o c y t e s ,  w ere  a l s o  s e e n ,  b u t  t h e  d o m in a n t  c e l l  t y p e s  w e re  m a t u r e  
sperm a n d  s p e r m a t i d s ,  some o f  which  w e re  in  t h e  p r o c e s s  o f  a c q u i r i n g  
t a i l s  and  c h a n g i n g  from e l l p t i c a l  t o  a n  e l o n g a t e  s h a p e .
The o v a r i e s  i n  m a t u r i n g  (R^) and r i p e  J5. k a u p i  h a v e  l o s t  t h e  
t r a n s l u c e n t  a p p e a r a n c e  p r e s e n t  i n  im m atu re  f i s h  a n d  h a v e  become w h i t e  
and  opaque  due t o  t h e  p r e s e n c e  of  num erous  d e v e l o p i n g  ova* The o v a r i e s  
a r e  o f  a t y p i c a l  e e l  s t r u c t u r e ,  r e s e m b l i n g  a c o n v o l u t e d  r i b b o n .  They 
o r i g i n a t e  n e a r  t h e  l e v e l  o f  t h e  l i v e r  a n d  p r o c e e d  c a u d a d  p a s t  t h e  v e n t .
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F i g u r e  2 6 ,  L e n g t h - w e i g h t  r e l a t i o n s h i p  f o r  m a l e  Syria p h o b r a n c h u s  k a u p t .
12
01
- i
n
o  U «r>
. 8*
om
E
i
a*
o-o
t --------------t  ■"  * ■ i  i-------- 1  1------------------------p------------ “ i " ------------ 1------------- r —  io o o  o  o  o  o  o o  o  o-  o  ft o  ^  i© m t  m m -
{ 6 ) J.HSOM
55
F i g u r e  2 7 ,  L e n g t h - w e i g b t  r e l a t i o n s h i p  f o r  f e m a l e  S ynaphob  r a n c h  tjb k a u p i .
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F i g u r e  2 8 .  H i s t o l o g i c a l  s e c t i o n s  o f  g o n a d a l  t i s s u e  from S y n a p h a b r a n c h u s  
k a u p i . H a r r i s - h e m a t o x y l l n  e o s l n  s t a i n .  S ■ s p e r m ,  N = 
n u c l e u s ,  CV = c y t o p l a s m i c  v e s i c l e ,  CT ■ c o n n e c t i v e  t i s s u e ,
CP « c y t o p l a s m ,  YC = y o l k  g r a n u l e s ,  VM =■ v i t e l l i n e  m em brane ,  
FC ■ f o l 1 l c l e  c e l l  *
A. C r o s s  s e c t i o n  o f  t h e  t e s t i s  f rom a  367 run TL m a l e  
c o l l e c t e d  I n  H ay ,  1 9 7 4 ,  s h o w i n g  s e m i n i f e r o u s  t u b u l e s  
f i l l e d  w i t h  m a t u r e  s p e r m a t o z o a .
B. C r o s s  s e c t i o n  o f  a n  o o c y t e  f rom a  425 mm TL R^ f e m a l e .  
Note  l a c k  o f  y o l k  d e p o s i t i o n ;  l o n g e s t  h o r i z o n t a l  d i a m e t e r  
o f  o o c y t e  0 . 2 6  mm.
C. C r o s s  s e c t i o n  o f  a n  o o c y t e  f rom a  352 mm TL f i s h  s h o w i n g  
t h e  o n s e t  o f  y o l k  d e p o s i t i o n  a r o u n d  t h e  p e r i p h e r y  o f  t h e  
e g g .  L o n g e s t  h o r i z o n t a l  d i a m e t e r  o f  o o c y t e  = 0 . 3 5  mm.
I). C r o s s  s e c t i o n  o f  a n  o o c y t e  ( 0 . 6 3  mm i n  d i a m e t e r )  f ro m  a  
509 mm TL f i s h  c o l l e c t e d  i n  J u n e ,  1973.  N o te  l a r g e  
amount o f  y o l k  i n  t h e  d e v e l o p i n g  e g g ,  th e  r e l a t i v e l y  
s m a l l  s i z e  o f  t h e  n u c l e u s  and  t h e  w e l l  d e v e l o p e d  f o l l i c l e  
c e l l s  a n d  v i t e l l i n e  m e m b r a n e s .
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The o v a r i a n  d i s t a n c e  beyond  t h e  v e n t  l a  r e l a t e d  t o  t h e  t o t a l  l e n g t h  o f  
t h e  f e m a l e  by t h e  e x p r e s s i o n :  o v a r i a n  d i s t a n c e  beyond v e n t  (mm) £ 0 , 3 5
( t o t a l  l e n g t h  ran) -  28 ( r  = 0 . 8 7 ,  n * 21)* In r i p e  f e m a l e s ,  t h e  e n t i r e  
c o e l o m i c  c a v i t y  becomes f i l l e d  w i t h  l a r g e  e g g s  ( 0 * 7 - 1 . 2  mm in  d i a m e t e r )  
and  t h e  abdomen becomes n o t i c e a b l y  s w o l l e n .
H i s t o l o g i c a l  s e c t i o n s  show o o c y t e s  i n  im m atu re  S_. k a u p l  t o  r e s e m b l e  
t h o s e  p r e v i o u s l y  r e p o r t e d  fo r  t h e  o p h l c h t h i d  e e l ,  O p h lc h t h u a  c r u e n t i f e r  
(Wenner,  1 9 7 6 ) ,  They a r e  i r r e g u l a r l y  s h a p e d ,  d e n s e l y  b a s o p h i l i c ,  l e s s  
t h a n  0*1  mm In d i a m e t e r  a n d  a r e  a l i g n e d  a l o n g  t h e  edge o f  t h e  o v i g e r o u s  
l a m e l l a e .  The ova o f  S. k a u p l  i n  t h e  e a r l y  s t a g e s  of  m a t u r a t i o n  ( e a r l y  
R^) a r e  s p h e r i c a l l y  s h a p e d  and e n v e l o p e d  i n  a c o n n e c t i v e  t i s s u e  s h e a t h  
o v e r l y i n g  th e  f o l l i c l e  c e l l s .  They r a n g e  i n  s i z e  from 0 * 2 6 - 0 . 3 0  mm i n  
d i a m e t e r  and h a v e  a l i g h t l y  b a s o p h i l i c ,  f i n e l y  g r a n u l a r  c y t o p l a s m  
t h r o u g h  which  v e s i c l e s *  d e v o i d  o f  c o n t e n t s ,  a r e  s c a t t e r e d ,  g i v i n g  t h e  
e x t r a - n u c l e a r  a r e a  o f  t h e  ova  a foamy a p p e a r a n c e .  The s p h e r i c a l ,  
c e n t r a l l y  l o c a t e d  n u c l e u s  i s  s l i g h t l y  b a s o p h i l i c  and i s  a b o u t  80 p in  
d i a m e t e r  ( F i g .  2 8 0 ) .  Yolk  g r a n u l e s  a r e  a b s e n t  i n  t h e  c y t o p l a s m .  Ova,  
0 , 3 3 - 0 . 3 0  mm i n  d i a m e t e r ,  from more  m a t u r e  JS. k a u p i , show t h e  o n s e t  o f  
y o l k  d e p o s i t i o n  by t h e  p r e s e n c e  o f  num erous  e o s i n o p h i l i c  y o l k  g r a n u l e s  
a r o u n d  t h e  p e r i p h e r y  o f  t h e  o o c y t e  (F ig*  28C) * l*arge o o c y t e s  ( 0 . 4 4 - 0 . 6 3  
mm i n  d i a m e t e r )  i n  more m a tu re  f i s h e s  a r e  c h a r a c t e r i z e d  b y  d e n s e  y o l k  
g r a n u l e s ,  t h i c k e r  v i t e l l i n e  membranes  a n d  a s p h e r i c a l  t o  e l l p t i c a l  
c e n t r a l l y  l o c a t e d  n u c l e u s  a b o u t  80 u i n  d i a m e t e r  ( F i g .  28D) . Eggs f rom 
th e  m os t  m a t u r e  f i s h  ( 0 . 8 0 - 1 . 2 0  mm i n  d i a m e t e r )  c o u ld  n o t  be s e c t i o n e d  
due t o  t h e  t h i c k  v i t e l l i n e  membranes and t h e  e x t r e m e l y  d e n s e  y o l k  
g r a n u l e s .
5B
S i t e  a t  M a t u r i t y ,  F e c u n d i t y ,  S e a s o n a l  M a t u r i t y
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n s  o f  s e x u a l l y  m a t u r e  m a l e s  and f e m a l e s  
from a l l  c r u i s e s  a r e  i n  F i g u r e  29 .  M a t u r e  m a l e s  b a d  a  g e o m e t r i c  mean 
s i z e  o f  356 mm TL ( e x t r e m e s :  £ 6 1 - 4 6 7  ram) and w e r e  s i g n i f i c a n t l y  s m a l l e r
(F  ■ 1 0 2 5 ,  d f  ™ 1 ,  1 241 )  t h a n  m a t u r e  f e m a l e s  ( g e o m e t r i c  mean TL -= 450 mm, 
e x t r e m e s :  3 2 3 - 6 5 7  mm). The s e x  r a t i o  o f  m a t u r e  I n d i v i d u a l s  w as  s i g n i f i ­
c a n t l y  d i f f e r e n t  f r o m  e q u a l i t y  (X^ -  3 0 . 4 ,  d f  “  1) w i t h  a  r a t i o  o f  1 . 4  
m a t u r e  f e m a l e s  t o  e a c h  m a t u r e  m a le .
I n  g r a v i d  f e m a l e s  t h e  o v a r i e s  c o m p r i s e d  a  mean o f  20 .1% (N -  109)  
o f  t h e  t o t a l  w e i g h t  o f  t h e  f i s h  w i t h  t h e  u p p e r  a n d  l o w e r  95% c o n f i d e n c e  
l i m i t s  b e i n g  1 9 . 0  and  21 .2%.  R e g r e s s i o n  r e l a t i o n s  o f  t o t a l  l e n g t h -  
o v a r i a n  w e i g h t  and t o t a l  w e i g h t - o v a r i a n  w e i g h t  a r e  i n  F i g u r e  30,  T o t a l  
l e n g t h - f e c u n d i t y  a n d  t o t a l  w e i g h t - f e c u n d i t y  r e l a t i o n s  a r e  I n  F i g u r e s  31 
an d  3 2 .  The l o w e s t  o b s e r v e d  f e c u n d i t y  w as  1 4 , 8 0 0  i n  a 388 mm TL f i s h  
a n d  t h e  g r e a t e s t  w as  1 3 8 , 0 0 0  i n  a  655 mm TL s p e c i m e n .  The mean o v a  
d i a m e t e r  was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  r a t i o  o f  g o n a d  w e i g h t  t o  
t o t a l  w e i g h t  ( g o n a d - s o m a t i c  i n d e x )  w i t h  62% o f  t h e  v a r i a t i o n  i n  mean ova 
d i a m e t e r  a t t r i b u t a b l e  t o  c h a n g e s  i n  t h e  g o n a d - s o m a t I c  i n d e x  ( F i g .  3 3 ) .
Ae t h e  gonad  w e i g h t  i n c r e a s e s  d u r i n g  t h e  m a t u r a t i o n  p r o c e s s ,  e l e v a t i n g  
t h e  G S I ,  more  m a t e r i a l  I s  i n c o r p o r a t e d  i n t o  t h e  d e v e l o p i n g  o o c y t e s ,  
i n c r e a s i n g  t h e i r  s i z e .
P l o t s  o f  t h e  p e r c e n t  o f  t h e  m a l e s  and  f e m a l e s  a t  t h e  d i f f e r e n t  
s t a g e s  f o r  e a c h  month  o f  c a p t u r e  a r e  In  F i g u r e  34 .  T h i s  show s  t h a t  a 
p o r t i o n  o f  t h e  p o p u l a t i o n  i s  m a t u r i n g  a n d  a n o t h e r  i s  s e x u a l l y  m a t u r e  
t h r o u g h o u t  t h e  y e a r .  T h e r e  a p p e a r s  t o  b e  a p e a k  I n  s e x u a l  a c t i v i t y  In 
m a l e s  i n  A u g u s t  w h i c h  c o i n c i d e s  w i t h  a n  i n c r e a s e  I n  t h e  p e r c e n t  o f  t h e  
f e m a l e  S^ , k a u p l  t h a t  a r e  g r a v i d .  When p e r c e n t a g e s  a r e  c a l c u l a t e d  f o r
59
F i g u r e  29 .  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  m a t u r e  m a l e s  ( r u n n i n g  r i p e )  
a n d  f e m a l e s  ( l a r g e  e g g s )  o f  S y n a p h o b r a n c h u g  k a u p i .
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F i g u r e  30.  O v a r i a n  w e i g h t - t o t a l  l e n g t h  {A} and o v a r i a n  w e i g h t - t o t a l
w e i g h t  (B) r e l a t i o n s h i p s  f o r  ma tu re  female S yn ap h o b ran ch u a  
k a u p l  c o l l e c t e d  t h r o u g h o u t  t h e  y e a r  o f f  t h e  M idd le  A t l a n t i c  
c o a s t  o f  t h e  U. S.
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F i g u r e  31.  F e c u n d i t y - t o t a l  l e n g t h  r e l a t i o n  f o r  g r a v i d  S y naphobranchua  
k a u p l .
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F ig u r e  32. F e c u n d i t y - t o t a l  w e i g h t  r e l a t i o n  f o r  g r a v i d  S y n a p h o b r a n c h u s  
k a u p l .
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F i g u r e  33* R e l a t i o n  o f  t h e  g o n a d - s o m a t i c  i n d e x  ( o v a r i a n  w e i g h t / t o t a l  
w e i g h t  x  100%) t o  t h e  mean o v a  d i a m e t e r  i n  S y n a p h o b r a n c h u a  
k a u p t ■
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F i g u r e  34. P e r c e n t  o f  t h e  S y n a p h o b r a n c h u s  k a u p l  m a l e s  ( u p p e r )  a n d  
f e m a l e s  ( l o w e r )  a t  d i f f e r e n t  m a t u r i t y  s t a g e s  t h r o u g h o u t  
t h e  s a m p l i n g  p e i i a d *  Sam ple  s i z e s  on w h i c h  p e r c e n t a g e s  
a r e  b a s e d ;  J a n u a r y T m a l e s  336 ,  f e m a l e s  4 4 1 ;  A p r i l ,  m a l e s  
76 ,  f e m a l e s  6 0 ;  May, m a l e s  1 0 ,  f e m a l e s  9 1 ;  J u n e ,  m a le s  
191 ,  f e m a l e s  17 3 ;  J u l y ,  m a l e s  255 ,  f e m a l e s  6 9 5 ;  A u g u s t ,  
m a l e s  26 ,  f e m a l e s  79 ;  S e p t e m b e r ,  m a l e s  2 1 1 ,  f e m a l e s  971 ;  
November ,  m a l e s  3 3 5 ,  f e m a l e s  48 3,
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t h e  s e x e s  c o m b in e d  ( F i g *  3 5 ) ,  t h e  p e r c e n t  i m m a t u r e  r e m a i n s  r e l a t i v e l y  
c o n s t a n t  t h r o u g h  t h e  y e a r ,  w h i l e  t h e  p e r c e n t  r i p e  shows i n c r e a s e s  i n  
A p r i l  and A u g u s t*  The  I n d i v i d u a l s  s h o w i n g  t h e  s t a r t  o f  g o n a d a l  m a t u r i t y  
(R^) a r e  r e l a t i v e l y  c o n s t a n t  e x c e p t  d u r i n g  t h e  l a t e  Hummer months  when 
t h e r e  i s  an a p p a r e n t  d e c r e a s e  i n  t h e i r  o c c u r r e n c e .
Baaed  on t h e  t i m e  o f  y e a r  and t h e  g e o g r a p h i c  a r e a  o f  t h e  c o l l e c t i o n  
o f  t h e  s m a l l e s t  l a r v a e  {30 mm a n d  l e s s ) ,  Brunn (1937)  p r o p o s e d  t h a t  
j>. k a u p i  sp aw n ed  i n  t h e  a r e a  b e t w e e n  C a p e  H a t t e r a g ,  F l o r i d a ,  P u e r t o  R ic o  
an d  t h e  B erm udas  s o m e t im e  b e f o r e  J a n u a r y  t o  March .  He n o t e d  a h i t i o d a l  
l a r v a l  l e n g t h  f r e q u e n c y  d i s t r i b u t i o n  c o l l e c t e d  d u r i n g  e a c h  month i n  t h e  
N o r t h  A t l a n t i c  a n d  s u g g e s t e d  t h a t  two a g e  g r o u p s  w e re  p r e s e n t  i n  t h e  
p l a n k t o n .  He fo u n d  s p e c i m e n s  b e g i n  m e t a m o r p h o s i s  i n t o  g l a s s  e e l s  a f t e r  
IB t o  22 m o n t h s  when t h e y  h a d  a t t a i n e d  a  s i z e  o f  120 t o  131 mm TL *
U s in g  c o l l e c t i o n s  f ro m  n o n - o p e n i n g  and  c l o s i n g  n e t s ,  B ruun  p l a c e d  t h e  
maximum v e r t i c a l  a b u n d a n c e  o f  t h e  l a r v a e  f rom 100 t o  275 m w h i l e  t h e  
m e t a m o r p h o s i n g  l a r v a e  w e re  f o u n d  d e e p e r  i n  t h e  w a t e r  c o l u m n .  The l a r g e s t  
l a r v a e  and m e t a m o r p h i c  fo rm a w e r e  t a k e n  o n l y  o f f  t h e  w e s t e r n  c o a s t s  o f  
Hurope  and N o r t h  A f r i c a  i n d i c a t i n g  t o  h i m  t h a t  S-. k a u p l  was  art e a s t e r n  
A t l a n t i c  s p e c i e s .  He a t t r i b u t e d  w e s t e r n  A t l a n t i c  r e c o r d s  o f  S,  k a u p l  t o  
i n d i v i d u a l s  w h i c h  h a d  " w a n d e r e d "  f rom t h e  e a s t e r n  A t l a n t i c ,  o r  w h i c h  w e r e  
a b o u t  t o  spawn o r  h a d  r e c e n t l y  s paw ned  ( s i n c e  m u l t i p l e  s p a w n in g  h a d  n o t  
b e e n  r u l e d  o u t  f o r  t h i s  s p e c i e s ) .
A l t h o u g h  B r u u n ' s  ( 1 9 3 7 )  a c c o u n t  o f  t h e  l i f e  h i s t o r y  o f  ji, k a u p l  
a p p e a r s  t o  p r e s e n t  a c o h e r e n t  p i c t u r e  w h i c h  p a r a l l e l s  t h e  p u b l i s h e d  
a c c o u n t s  o f  t h e  E u r o p e a n  e e l ,  A n g u i l l a  a n g u l l l a  ( s e e  B e r t  i n ,  1955 and  
o t h e r s ) ,  t h e  p r e s e n t  s t u d y  p r o v i d e s  d a t a  t h a t  a r e  a t  v a r i a n c e  t o  h i s  
i n t e r p r e t a t i o n s .  F i r s t ,  t h e  a v a l l a h l e  d a t a  show t h a t  !i* k au p i  c o l l e c t e d
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F i g u r e  35. P e r c e n t  o f  t h e  S y n a p h o b r a n c h u s  K aup l  c o l l e c t e d  t h r o u g h o u t  
t h e  s a m p l i n g  p e r i o d  a t  d i f f e r e n t  m a t u r i t y  s t a g e s .  B o th  
s e x e s  c o m b in e d .
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a l o n g  t h e  c o n t i n e n t a l  a l o p e  f rom H udson  Canyon t o  Cape H a t t e r a a  may 
s p a w n  y e a r - f o u n d  w i t h  a  p e a k  I n  A u g u s t .  S e c o n d ,  I t  l a  d i f f i c u l t  t o  
b e l i e v e  t h a t  t h e  l a r g e  s t a n d i n g  c r o p  o f  j i .  k a u p l  w h ic h  a c c o u n t s  f o r  
a  h i g h  p e r c e n t a g e  o f  t h e  number  a n d  b i o m a s s  o f  t h e  f i s h e s  c a u g h t  on 
t h e  M i d d l e  A t l a n t i c  c o n t i n e n t a l  e l o p e  I s  t h e  r e s u l t  o f  e i t h e r  s t r a y s  
o f  t h i s  s p e c i e s  f r o m  E u r o p e ,  ot t r a n s i e n t s  t o  o r  f rom B r u u n ’ s  p r o p o s e d  
s p a w n i n g  a r e a ,  A l s o ,  o f  t h e  s e v e r a l  t h o u s a n d  kaup  1 s a m p l e d  s e a s o n ­
a l l y ,  I  h a v e  found  n o n e  t h a t  w e re  s p e n t .  Tf k a u p l  l a  an  e a s t e r n  
A t l a n t i c  s p e c i e s ,  how d o e s  one I n t e r p r e t  t h e  p r e s e n c e  o f  a  l a r g e  
n u m b e r  o f  u n d i f f e r e n t i a t e d  fo rms  on t h e  M idd le  A t l a n t i c  c o n t i n e n t a l  
s l o p e ?  T h e  s m a l l e s t  j i .  k a u p l  c o l l e c t e d  w e r e  l e s s  t h a n  1 5 0  nun TL ( F i g ,  
3 6 ) ,  w h i c h  a r e  o n l y  s l i g h t l y  l a r g e r  ( -  1 - 4  cm) t h a n  t h e  co e t a m o rp h lc  
f o r m s  d e s c r i b e d  by Bruun  ( 1 9 3 7 ) .  I t  I s  I m p r o b a b l e  t h a t  a  150 mm TL 
S .  k a u p l  c o u l d  u n d e r t a k e  a  s e v e r a l  t h o u s a n d  m i l e  t r a n s - A t l a n t i c  
m i g r a t i o n .
S u b f a m i l y  S y x i a p h o b r a n c h l n a e : S y n a p h o b r a n c h u s  a f f i n i s
S y n a p h o b r a n c h u s  a f f i n i s  i n h a b i t s  t h e  c o n t i n e n t a l  s l o p e  i n  t h e  
N o r f o l k  C an y o n  a r e a  I n  d e p t h s  o f  403  t o  1190 m ( 4 . 0 * - 6 , 8 * C )  w i t h  i t s  
maximum a b u n d a n c e  h e t v e e n  600  t o  800  m ( 4 . 5  - 5 . 2  C) ( F i g .  3 7 ) .  The 
c a t c h  s t a t i s t i c s  p e r  0 . 5 - h  1 3 . 7  m o t t e r  t r a w l  b e t w e e n  4 0 0  a n d  1200 m 
w h e r e  t h i s  s p e c i e s  w a s  c a u g h t  i n  51£  o f  t h e  t r a w l s  (n ■ 4 5 )  a r e :
LCL ( x )  UCL E x t r e m e s
P e r c e n t  o f  t o t a l  c a t c h  (n u m b e r s ) 0 .  1 0. 5 1 .1 0 - 2  9 . 1
P e r c e n t  o f  t o t a l  c a t c h  ( b i o m a s s ) 0 0 . 2 0 . 4 0 - 2 1 . 3
G e o m e t r i c  mean ( n u m b e r  + 1) 1 . 8 2 . 8 4 . 2 0 - 1 8 9
G e o m e t r i c  mean ( b i o m a s s  + 1) 5. 2 1 1 . 2 2 3 .7 0 - 1 1 7 3
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  i s  i n  F i g u r e  38 .  D a t a  p l o t s  f a i l e d
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F i g u r e  36- F r e q u e n c y  d i s t r i b u t i o n  o f  u n d i f f e r e n t i a t e d  R y n a p h o b r a n c h u s  
k a u p i  o f f  t h e  M id d le  A t l a n t i c  c o a s t  o f  t h e  U. S,  f rom  a l l  
c r u i s e s ,
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F i g u r e  3 7 .  Log (n u m b er  +  l ) / 0 . 5 - h  t r a w l  ( u p p e r )  and  Log biomaae I r } +
l ) / 0 . 5 - b  t r a w l  ( l o w e r )  f o r  Synaphob ratio hug a 1: f i n  la  c o l l e c t e d  
o f f  t h e  M i d d l e  A t l a n t i c  r o a s t  o f  t h e  U. S. a s  a  f u n c t i o n  of  
d e p t h .
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F i g u r e  3&. L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  S y n a p h o b r a n c h u s  a f f i n i a  
o f f  t h e  M id d le  A t l a n t i c  c o a s t  o f  t h e  U. K,
sTvnaiAiahii jo aaewnN
71
Co d e m o n s t r a t e  any r e l a t i o n s h i p  b e t w e e n  s i z e  and  d e p t h  o f  c a p t u r e .
Cross  o b s e r v a t i o n s  o f  t h e  gonads  o f  £L a f f i n i s  c o l l e c t e d  d u r i n g  t h e  
c o u r s e  o f  t h i s  s e a s o n a l  s u r v e y  f a i l e d  t o  y i e l d  a n y  s e x u a l l y  m a t u r e  
s p e c im e n s .  Some m a le s  had  c o n v o l u t e d  t e s t e s  b u t  n o n e  w ere  n o t i c e a b l y  
s w o l l e n  o r  were  r u n n i n g  r i p e .  No f e m a l e s  h a d  l a r g e  e g g s  f i l l i n g  t h e  
body c a v i t y  a s  i n  g r a v i d  j>. k a u p l . R o b in s  ( 1 9 6 8 ) ,  h o w e v e r ,  f o u n d  t h r e e  
o v i g e r o u s  f e m a l e s  i n  t h e  S t r a i t s  o f  F l o r i d a .
The l a c k  o f  s e x u a l l y  m a t u r i n g  !5. a f f i n i s  o v e r  t h e  c o u r s e  o f  t h e  
s e a s o n a l  s a m p l i n g  a n d  t h e  p r e p o n d e r a n c e  o f  s m a l l e r  f i s h  i n  t h e  l e n g t h  
f r e q u e n c y  d i s t r i b u t i o n  ( F i g .  30) i s  a n a l o g o u s  t o  t h e  s i t u a t i o n  f o u n d  i n  
Ant tutor a  r o s t r a t e  on  t h e  M idd le  A t l a n t i c  c o n t i n e n t a l  s l o p e  (Wenner  and  
Mustek,  1 9 7 7 ) .  A n t l mora  r o s t r a t a  a p p a r e n t l y  u t i l i z e s  t h e  c o n t i n e n t a l  
s l o p e  o f f  V i r g i n i a  a s  a  s o m a t i c  h a b i t a t  w i t h  a  s p a w n i n g  a r e a  p o s t u l a t e d  
in  t h e  h i g h e r  l a t i t u d e s  o f  t h e  N o r t h  A t l a n t i c .  B a s e d  on t h e  a b u n d a n c e  
o f  S_. a f  f i n i s  In t h e  S t r a i t s  o f  F l o r i d a  ( R o b i n s ,  1 9 6 8 ) ,  t h e  l a c k  o f  
s e x u a l l y  m a tu r e  a d u l t s  n e a r  N o r f o l k  Canyon and  t h e  a b s e n c e  o f  t h i s  s p e ­
c i e s  i n  c o l l e c t i o n s  n e a r  Hudson Canyon ( H a e d r l c h ,  a l .  , 1975;  M u s ic k ,  
e £  a l . ,  1975;  u n p u b l i s h e d  VIMS t r a w l  r e c o r d s ) .  I t  i s  p o s t u l a t e d  t h a t  
£ .  a f f  in  i s  r e p r o d u c e s  i n  a r e g i o n  s o u t h  o f  Cape H a t t e r a s  and a p o r t i o n  
o f  t h e  p e l a g i c  l e p t o c e p h a l u s  l a r v a l  p o p u l a t i o n ,  w h i c h  was t r a n s p o r t e d  
n o r th w a r d  by t h e  G u l f  S t r e a m ,  i s  r e c r u i t e d  t o  t h e  s l o p e  o f f  V i r g i n i a  a s  
e l v e r s  I n  t h e  s p r i n g  (Wennet ,  1975)  , The a r e a  on  t h e  s l o p e  f rom 400 t o  
1200 m from N o r f o l k  Canyon s o u t h  t o  a t  l e a s t  Cape l l a t t e r a s  i s  u t i l i z e d  
as  a f e e d i n g  h a b i t a t .
S u b fa m i ly  S y n a p h o b r a n c h i n a e : S y n a p h o b r a n c h u 3  o r e g o n l  and  S. b r e v i d o r s a l i s
A 257 mi TL S y n a p h o b ra n c h u s  o r e g o n l  (VIMS # 0 4 4 1 4 )  was t r a w l e d  i n  
89B m o f  w a t e r  on 18 S e p te m b e r  1975 a t  3 6 * 3 6 , 2 f Nt 7 4 * 3 8 . 9 rW,
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T h i s  s p e c i m e n  r e p r e s e n t s  t h e  f i r s t  c a p t u r e  o f  t h i s  s p e c i e s  n o r t h  o f  t h e  
S t r a i t s  o f  F l o r i d a  ( 2 4 * - 2 5 * N ,  80*W) ( S t a i g e r ,  1 9 7 0 ) .  M o r p h o m e t r i c  
m e a s u r e m e n t s  a s  p e r c e n t  f o r  t h i s  s p e c i m e n  p l u s  t h e  r a n g e s  ( i n  p a r e n t h e s e s ) 
f o r  t h i s  s p e c i e s  f r o m  R o b in s  ( 1 9 7 1 )  a r e  a s  f o l l o w s :  p r e d o r s a l / t o t a l : 31
( 3 1 - 4 4 ) ;  j a w / h e a d :  69 ( 4 9 - 6 7 ) ;  s n o u t / h e a d :  29 ( 2 4 - 3 6 ) ;  e y e  d i a m e t e r / h e a d : 
19 ( 1 2 - 1 9 ) ;  b r a n c h i a l  a p e r t u r e / h e a d :  12 ( 7 - 1 6 ) ;  h e a d  w i d t h / h e a d :  23 ( 1 7 -  
2 6 ) .  T h i s  s p e c i m e n  h a s  145 v e r t e b r a e  w h i c h  i s  w i t h i n  t h e  r a n g e  a s  g i v e n  
by R o b i n s  (1 9 7 1 )  f o r  t h i s  s p e c i e s  f ro m  t h e  G u l f  o f  M e x ic o  ( 1 4 2 - 1 4 8 ) .
T h i s  s p e c i e s  was r e a d i l y  d i s t i n g u i s h e d  f r o m  o t h e r  s y n a p h o b r a n c h i d  e e l s  i n  
t h e  w e s t e r n  N o r t h  A t l a n t i c  by  t h e  s c a l e  p a t t e r n .  The  s c a l e s  aTe  l a r g e  
and  s h a p e d  l i k e  " p a v i n g  a t o n e s "  ( s e e  C a s t l e ,  I 9 6 0 ,  F i g u r e  6 6 E ) .
I n  a d d i t i o n  t o  t h e  s i n g l e  J5, o r e g o n l  c o l l e c t e d  d u r i n g  t h i s  s u r v e y ,  
a 418 nun TL S^ . b r e v i d o r s a l  i s  (VIMS # 0 4415)  w as  t r a w l e d  i n  1635  m o f  
w a t e r  on 29 J a n u a r y  1976  a t  3 6 * 3 9 . 5 ’ N, 7 4 * 2 7 ’W. T h i s  s p e c i m e n  i s  t h e  
f i r s t  c o l l e c t e d  o u t s i d e  t h e  G u l f  o f  M exico  i n  t h e  N o r t h  A t l a n t i c  ( C a s t l e ,  
1 9 6 1 ) .  M o r p h o m e t r i c  m e a s u r e m e n t s  a a  p e r c e n t  o f  t o t a l  l e n g t h  i n  a d d i t i o n  
t o  r a n g e s  f rom C a s t l e  ( 1 9 6 1 ) ,  i n  p a r e n t h e s e s  a r e :  h e a d :  1 2 . 8  ( 1 2 . 7 - 1 3 . 4 ) ;
s n o u t :  3 . 8  ( 3 , 7 - 4 . 1 ) ;  e y e :  1 , 9  ( 1 . 5 - 1 . 9 ) ;  i n t e r o r b i t a l ;  2 . 8  ( 2 . 4 - 2 , 5 ) ;  
g a p e :  7 . 0  ( 3 . 6 - 6 , 2 ) ;  b r a n c h i a l  a p e r t u r e :  3 . 0  ( 2 , 4 - 2 . 9 ) ;  p e c t o r a l :  4 . 9  
( 4 . 8 - 5 . 0 ) ;  p r e d o r s a l :  4 9 , 8  ( 4 2 . 3 - 4 7 , 0 ) ;  p r e a n a l : 32 .  3 (.31 , 0 - 3 3 , 2 ) ;  d e p t h  
a t  a n a l  o r i g i n :  7 . 3  ( 5 - 4 - 6 , 8 ) ,  T h i s  s p e c i m e n  h a d  132 v e r t e b r a e  w h e r e a s  
C a s t l e  ( 1 9 6 1 )  r e p o r t e d  133 i n  G u l f  o f  M ex ic o  s p e c i m e n s .  The  d e n t i t i o n  
a n d  s c a l e  p a t t e r n  a g r e e  w i t h  t h e  d e s c r i p t i o n  In  C a s t l e  ( 1 9 6 1 ) .
S u b f a m i l y  S y n a p h o b r a n c h i n a e : H i s t  i o b r a n c h u s  b a t h y b i u s
E l e v e n  s p e c i m e n s  o f  H i s t I o b r a n c h u s  b a t h y b i u s  w e r e  c o l l e c t e d  d u r i n g  
t r a w l i n g  o p e r a t i o n s  on  t h e  M i d d l e  A t l a n t i c  c o n t i n e n t a l  s l o p e  ( T a b l e  5 ) .  
I d e n t i f i c a t i o n  o f  t h e s e  s p e c i m e n s  w as  b a s e d  on  m e r i s t i c  a n d  m o r p h o m e t r i c
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c o m p a r i s o n s  made w i t h  C a s t l e ’ s  r e v i s i o n  (1964) o f  t h e  genus  ( T a b l e  6 ) ,  
Members o f  t h e  genus  H i s t i o b r a n c h u g  a r e  among t h e  l a r g e s t  
s y n a p h o b r a n c h i d  e e l s .  The sev en  l a r g e s t  s p e c im e n s  o f  H, b a t h y b l u g  
c o l l e c t e d  d u r i n g  t h i s  s t u d y  av e ra g e d  776 mm TL ( 6 9 7 - 8 7 2 )  and  990  g  
( 7 1 8 - 1 7 8 0  g) i n  f r e s h  w e t  w e i g h t .  S tomachs  o f  a l l  b u t  two s p e c i m e n s  
w ere  e m p ty .  One (17fl mm TL) c o n t a i n e d  t h e  head o f  a  b e n t h i c  c a r l d i a n  
s h r im p  ( f i l y p h o c r a n g o n  a p . )  w hereas  t h e  o t h e r  (TL 807 mm) c o n t a i n e d  
w e l l  d i g e s t e d  f i s h  v e r t e b r a e .  Only one  ]1. b a t h y b l u a  showed e v i d e n c e  
o f  g o n a d a l  a c t i v i t y .  The m a t u r i n g  Temale  c o n t a i n e d  an e s t i m a t e d  
2 4 5 ,0 0 0  e g g s ,  a v e r a g i n g  0 . 8  mm ( 0 , 7 - 1 . 0  mm) i n  d i a m e t e r .  T h i s  s p e c i m e n  
c o l l e c t e d  i n  S e p te m b e r  1975 was  097 tnm TL, weighed  1780  g and t h e  
o v a r i e s  made up 8.1% o f  t h e  f i s h ’ s w e i g h t .  C a s t l e  (1 9 6 8 )  r e p o r t e d  on 6 
g r a v i d  f e t n a j e s  c o l l e c t e d  s o u t h e a s t  o f  New Z e a la n d  i n  d e p t h s  g r e a t e r  th a n  
2660 m i n  J u n e ,  1966 t h a t  w e re  g r a v i d  w i t h  t h e  b o d y  c a v i t y  p a c k e d  w i t h  
r e l a t i v e l y  l a r g e  we1) - d e v e l o p e d  e g g s .  He p r e v i o u s l y  r e p o r t e d  ( C a s t l e ,  
1964) 3 f e m a l e s  (TL: 569 -6 6 3  turn) w i t h  e g g s  from 0 . 2  t o  1 , 5  mm i n
d i a m e t e r .  He gave  no i n d i c a t i o n  a s  t o  w h e t h e r  t h e s e  v a l u e s  come from 
one o r  s e v e r a l  i n d i v i d u a l s .
From t h e  i n f o r m a t i o n  a t  hand i t  a p p e a r s  t h a t  H. b a t h y h l u s  i s  a 
l a r g e  c o s m o p o l i t a n  s y n a p h o b r a n c h i d  e e l  t h a t  la  r a r e  i n  t r a w l  c o l l e c t i o n s  
d e e p e r  t h a n  2000 m o f f  t h e  Middle  A t l a n t i c  C o a s t .  I t  f e e d s ,  a t  l e a s t  i n  
p a r t ,  on b e n t h i c  c r u s t a c e a n s  and f i s h e s .  The p a u c i t y  n f  s p e c i m e n s  does  
n o t  a l l o w  f o r  g e n e r a l i z a t i o n s  on s p a w n in g  s e a s o n s  a n d  t h e  d a t a  u t i l i z e d  
i n  B r u u n ’ s (1 9 3 7 )  s t u d y  a r e  I n s u f f i c i e n t  t o  e l u c i d a t e  w e s t e r n  n o r t h  
A t l a n t i c  s p a w n in g  a r e a s  o r  t o  p l o t  l a r v a l  d i s t r i b u t i o n  p a t t e r n s .
S u b f a m i l y  Dysomminae: I l y o p h i s  b r u n n e u s
A summary o f  t h e  m e t i s t i c  and m o r p h o m e t r i e  c h a r a c t e r s  o f
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I l y o p h i s  b r u n n e u s  i s  i n  T a b l e s  7 and S .  R e g r e s s i o n  e q u a t i o n s  f o r  the  
l e e s  v a r i a b l e  m o r p h o m e t r i c  m e a s u r e m e n t s  a r e  i n  F i g u r e  39* The m o r p h o ­
m e t r y  o f  iI_. b r u n n e u s  f ro m  t h e  M i d d l e  A t l a n t i c  B i g h t  i s  e s s e n t i a l l y  in  
a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  R o b in s  ( 1 9 7 1 )  e x c e p t  t h a t  t h e  r a n g e s  
h a v e  b e e n  e x t e n d e d  f a r  s e v e r a l  o f  t h e  c h a r a c t e r s *  The mean n u m b e r  o f  
v e r t e b r a e  f o r  _I. b r u n n e u s  i s  l o w e r  i n  t h e  p r e s e n t  s t u d y  (x  » 1 4 2 , 5 )  t h a n  
t h a t  f rom t h e  S t r a i t s  o f  F l o r i d a  and t h e  C a r i b b e a n  (x  = 1 4 7 . 5 ,  R o b i n s ,  
1 9 7 1 ) ,  H o w e v e r ,  t h e  r a n g e s  o f  t h e s e  c o u n t s  o v e r l a p  i n  b o t h  s t u d y  a r e a s .  
T h i s  l a r g e  r a n g e  i n  v e r t e b r a l  a n d  o t h e r  m e r i s t i c  c o u n t s  i s  n o t  u n u s u a l  
i n  a p o d a l  f i s h e s  ( A n g u l l l i d a e , E g e , 1 9 3 9 ;  S y n a p h o b r a n c h i d a e ,  W e n n e r ,  
1 9 7 5 ;  O p h i c h t h i d a e ,  C a s t l e  a n d  B o h l k e ,  1 9 7 6 ) ,
I l y o p h l s  b r u n n e u s  i s  f o u n d  on t h e  c o n t i n e n t a l  s l o p e  i n  t h e  N o r f o l k  
Canyon a r e a  i n  d e p t h s  f ro m  1 1 0 0  t o  2400  m ( 4 - 1 - 2 . 9 % )  w h e r e  i t  w a s  c o l ­
l e c t e d  i n  53% ( n  ”  38 )  o f  t h e  t r a w l s  w i t h  i t s  p e a k  a b u n d a n c e  b e t w e e n  
1100  and 1800 m ( 4 . 1 - 3 . 7*C) { F i g .  4 0 ) ,  R o b i n s  (1968)  r e p o r t e d  i t s  
b a t h y m e t r i c  d i s t r i b u t i o n  t o  b e  b e t w e e n  759 a n d  1280 m i n  t h e  S t r a i t s  o f  
F l o r i d a  w h e r e a s  H u s i c k  e_t a j .  ( 1 9 7 5 )  c a p t u r e d  i t  from 1143 t o  2 7 4 5  m 
o f f  t h e  New J e r s e y  c o a s t .  T h i s  s p e c i e s  i s  a  r e l a t i v e l y  m in o r  c o m p o n e n t  
o f  t h e  b e n t h i c  f i s h  c o m m u n i ty  w i t h i n  i t s  h a t h y m e t r l c  d i s t r i b u t i o n  i n  
t h e  N o r f o l k  Canyon a r e a .  The  s t a t i s t i c s  f o r  0 . 5 -h  tows  a r e :
LCL UCL E x t r e m e s
P e r c e n t  o f  t o t a l  c a t c h  ( n u m b e r s ) 0 ,  3
f".i-o 1 . 2 0 - 8 . 2
P e r c e n t  o f  t o t a l  c a t c h  ( b i o m a s s ) 0 . 0 4 0 . 0 8 0,  14 0 - 1 . 0
G e o m e t r i c  mean (n u m b e r  + 1) 1 , 7 2 .  3 3,1 0 - 1 4
G e o m e t r i c  mean ( b i o m a s s  ( g )  +  1) 4 . 4 9 .  3 1 9 ,8 0 - 1 7 6
T h e s e  r e s u l t s  c o m p a r e  f a v o r a b l y  t o  t h o s e  o b t a i n e d  f o r  a  t r a w l  w i t h  
s i m i l a r  g e a r  o f f  t h e  New J e r s e y  c o a s t  i n  1143  m w hich  r e s u l t e d  i n  3
7 8
T a b l e  7.
Summary o f  m e r i s t i c  c h a r a c t e r s  f o r  I l y o p h i s  b t u n n c u B  
o f f  t h e  M id d le  A t l a n t i c  c o a s t .
M e r i s t i c  C h a r a c t e r Mean- 9x t , 0 5 E x t r e m e s N
T o t a l  v e r t e b r a e 1 4 2 , 5 + 0 , 6 1 3 7 -1 4 9 55
V e r t e b r a e  t o  d o r s a l  f i n 9+0.  3 8 -1 1 26
V e r t e b r a e  t o  a n a l  f i n 37+0 .8 34-41 24
D o r s a l  f i n  r a y s 370+6 344-392 19
A n a l  f i n  r a y s 290+0 2 6 1 - 3 2 5 18
C a u d a l  f i n  r a y s 16+0 ,3 1 4 -1 6 37
L e f t  p e c t o r a l  f i n  r a y s 1 1 . 5 + 0 . 3 1 0 -1 4 37
L e f t  b r a n c h l o s t e g a l s 1 3 ,0 + 0 .  3 1 1 - 1 4 38
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Table 8.
M b rp h o m et r i c  summary o f  I l y o p h i s  b r u m e n s  o f f  t h e M id d le  A t l a n t i c c o a s t .
C h a r a c t e r ^ ~ s x ’ t , 05 E x t r e m e s N
Head L en g th  x 100% 
T o t a l  L eng th
1 0 , 5 + 0 . 1 9 . 5 - 1 1 . 7 113
P r e a n a l  L e n g t h  x 100% 
T o t a l  L eng th
2 9 . 8 + 0 . 2 2 4 . 4 - 3 4 . 5 113
P r e d o r s a l  L e n g t h  x 100% 
T o t a l  Leng th
1 2 , 3±0 , 2 1 0 . 4 - 1 7 . 5 113
Body Depth x 100% 
T o t a l  L eng th
3 . 6 + 0 . 1 2 , 5 - 5 , 9 113
Abdomina l  L e n g t h  x 100% 
T o t a l  L eng th
1 9 . 4 + 0 . 2 1 6 . 4 - 2 2 , 1 112
Jaw L en g th  x 100% 
Head L e n g th
5 5 . 1 + 1 . 5 4 2 . 1 - 6 9 . 7 112
H o r i z o n t a l  Eye D ia m e te r  x 100% 
Head L eng th
1 0 . 8 + 0 . 2 7 , 7 - 1 3 . 5 113
Head Width  x 100% 
Head L e n g th
2 0 . 8 + 0 , 5 1 4 . 4 - 2 7 , 7 113
F e c t o r a l  F in  L e n g t h  x 100% 
Head L eng th
1 3 . 7 ± 0 . 5 8 . 2 - 2 0 . 5 113
I n t e r o r b i t a l  D i s t a n c e  x 100% 
Head L eng th
1 4 . 7 ± 0 . 4 9 . 0 - 2 0 . 2 107
B r a n c h i a l  A p e r t u r e  L en g th  x 100% 
Head Leng th
1 1 . 2 ± 0 . 3 7 . 2 - 1 4 . 7 113
S n o u t  L en g th  x 100% 
Head L eng th
3 3 . 1 + 0 . 4 2 8 , 0 - 3 8 . 1 112
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F i g u r e  39 .  R e g r e s s i o n  r e l a t i o n s h i p s  o f  m o rp h o m e t r i c -  c h a r a c t e r s  o f  
I l y o p h i s  b r u n n e u s .
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F i g u r e  4 0 .  Log (number  + 1 ) / 0 . 5 - h  t r a w l  ( l o w e r )  and Log ( b i o m a s s  +
l ) / 0 . 5 ~ h  t r a w l  ( u p p e r )  f o r  l l y o p h i s  b r u n n e u s . Only 1 3 . 7  m 
o t t e r  t r a w l s  I n c l u d e d .
3.0 
n
*N
<_o
Ok
*
•  *
*•
K  V ~
* L *t
»f
*
*
' t  =  
_o
91
 1 1-----------
Q <PN —
SSVHOlB fl * X) 0l90T
q q
(VJ
asBHfiN ti + xI°'oon
M
EA
N 
DE
PT
H 
OF
 
TR
A
W
L
82
I n d i v i d u a l s  w h ic h  made up 1.53! o f  t o t a l  num ber  o f  f i s h e s  c a u g h t  and  0.5% 
o f  t h e  b i o m a s s  ( M u s ic k  e £  a l *, 1 9 7 5 ) .
Ho o b v i o u s  s l z e - d e p t h  r e l a t i o n s h i p  w as  fo u n d  f o r  t h e  92 s p e c i m e n s  
t a k e n  ( F i g .  4 1 A ) . The l e n g t h  f r e q u e n c y  d i s t r i b u t i o n  i s  i n  F i g u r e  41B.
No v e r y  s m a l l  s p e c i m e n s  w e r e  t a k e n  d u r i n g  t h e  N o r f o l k  Canyon c r u i s e s  or  
o t h e r  R/V E a s t w a r d  c r u i s e s  on  t h e  s l o p e  o f f  t h e  e a s t e r n  U* S.  R ob ins  
(1 9 6 8 )  s u g g e s t e d  t h a t  male  b r u n n e u s  a r e  s t u a l l e r  t h a n  f e m a l e s  f rom a  
l i m i t e d  s a m p l e  s i z e  from t h e  S t r a i t s  o f  F l o r i d a .  A " t "  t e s t  showed no 
s i g n i f i c a n t  d i f f e r e n c e  i n  mean s i z e  b e t w e e n  m a l e s  a n d  f e m a l e s  i n  t h e  
N o r f o l k  Canyon a r e a  ( t  =* 0 * 7 6 5 ,  d f  = 8 2 ) .
No o b v i o u s  s e a s o n a l  p a t t e r n  o f  r e p r o d u c t i v e  m a t u r i t y  c o u l d  be  d i s ­
c e r n e d  f o r  T^* b r u n n e u s  * I n d i v i d u a l s  d e m o n s t r a t i n g  some t y p e  o f  s e x u a l  
a c t i v i t y  w e re  fo u n d  i n  J a n u a r y ,  J u n e ,  J u l y ,  S e p t e m b e r  and  November i n  
N o r f o l k  Canyon,  R o b i n s  (1 9 6 8 )  f o u n d  g r a v i d  f e m a l e s  i n  J u n e  a n d  November 
i n  t h e  S t r a i t s  o f  F l o r i d a ,  F e m a le s  w i t h  l a r g e  e g g s  w ere  f o u n d  i n  J u n e  (x  = 
0 , 9 9  mm) w h i l e  r u n n i n g  r i p e  m a l e s  w e r e  e n c o u n t e r e d  i n  June  a n d  J u l y  n e a r  
N o r f o l k  Canyon.  The f e c u n d i t y - t o t a l  l e n g t h  r e l a t i o n s h i p  i s  I n  F i g u r e  42.
F o u r t e e n  f l tom achs  and  i n t e s t i n e s  o f  b r u n n e u s  (x  TL; e x t r e m e s :
312 ;  2 0 3 -3 5 7  mm) w e r e  e x a m in e d  f o r  food  I t e m s .  One s to m a c h  was  em p ty ,  
w h i l e  t h e  r e m a i n d e r  c o n t a i n e d  t h e  f o l l o w i n g :
Food I t e m  Humber o f  s t o m a c h s  w i t h  I t e m
p o l y c h a e t e  r e m a i n s 7
b i v a l v e  r e m a i n s 2
c r u s t a c e a n s ft
S a b i n e a  h y s t r i x 1
S e r g e s t e s  s p . 1
E u p h a u s i a  k r o h n l 1
h y p e r i i d  am p h ip o d s 3
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Figure 41 (A) T o t a l  l e n g t h  r a n g e s  p l o t t e d  a g a i n s t  d e p t h  o f  t r a w l  f o r  
I l y o p h i s  b r u n n e u s .
(B) L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  f o r  I l y o p h i s  b r u n n e u s  
c o l l e c t e d  o f f  t h e  M i d d l e  A t l a n t i c  c o a s t  o f  t h e  IT. S.
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T o t a l  l e n g t h - f e c u n d i t y  r e l a t i o n  f o r  l l y o p h i a  b r u n n e u s . The 
l a r g e s t  f e c u n d i t y  e s t i m a t e  was t a k e n  f rom  R o b i n s  ( I 9 6 0 ) .
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R o b i n s  ( 1 9 6 8 )  f o u n d  m a i n l y  c r u s t a c e a n s  I n  t h e  s t o m a c h s  o f  5 _I. b r u n n e u s  
f r o m  t h e  S t r a i t s  o f  F l o r i d a .  She  f o u n d  b o t h  h e n t h i c  c r u s t a c e a n s  
( U r o p t y c h u s  s p . )  a n d  f r e e - s w i m m i n g  s h r i m p .
R o b i n s  ( 1 9 6 8 ) ,  on  t h e  b a s i s  o f  d e t a i l e d  m o r p h o l o g i c a l  a n d  o s t e o l o g -  
i c a l  c o m p a r i s o n s  o f  4 s p e c i e s  o f  s y n a p h o b r a n c h I d  e e l s ,  s t a t e d  t h a t  
I .  b r u n n e u a  b e c a u s e  o f  I t s  s t o u t  s k i n ,  l o w ,  f l e s h y  f i n s ,  r e d u c e d  
l a t e r a l i s  s y s t e m  a n d  s k u l l  s t r u c t u r e  w as  b e t t e r  a d a p t e d  f o r  b u r r o w i n g  
i n t o  t h e  s o f t  s e d i m e n t .  From I t s  d i e t ,  i t  d o e s  r o o t  i n  t h e  s u b s t r a t e  
f o r  p o l y c h a e t e s  a n d  b i v a l v e s ,  h o w e v e r ,  t h e  p r e s e n c e  o f  p e l a g i c  i t e m s  i n  
t h e  d i e t  i s  s u r p r i s i n g .  H y p e r i i d  a m p h i p o d s  a r e  e n t i r e l y  p e l a g i c  (Bowman 
a n d  G t u n e r ,  1973}  a n d  E u p h a u s i a  k r o h n l  ( M a u c h l i n e  and  F i s h e r ,  1969)  a n d  
S e r g e s t e a  s p .  ( F o x t o n ,  1970)  a r e  a l s o  f o u n d  In  t h e  w a t e r  c o l u m n .  W h e t h e r  
1L. b r u n n e u s  makes  s h o r t  f o r a y s  o f f  t h e  b o t t o m  t o  f e e d  on  p e l a g i c  i t e m s  o r  
i f  t h e  p e l a g i c  p r e y  a r c  c l o s e r  t o  t h e  b o t t o m  t h a n  p r e v i o u s l y  r e p o r t e d  and 
e n c o u n t e r  I l y o p h i s  t h e r e  i s  c o n j e c t u r a l .  I t  13 i m p o r t a n t  t o  n o t e ,  
h o w e v e r ,  t h a t  f i s h e s  I n h a b i t i n g  t h e  d e e p e r  l e s s  p r o d u c t i v e  w a t e r s  t e n d  t o  
be  e u r y p h a g o u s  p r e d a t o r s  ( S e d b e r r y  and M u s t e k ,  197 8 } a n d  may em ploy  
f e e d i n g  s t r a t e g i e s  t h a t  may n o t  b e  r e f l e c t e d  o b v i o u s l y  b y  m o r p h o l o g y .
S u b f a m i l y  S i m e n c h e l y i n a e
S i m e n c h e l y s  p a r a s l t i c u s  i s  a  m i n o r  c o n s t i t u e n t  o f  t h e  d e m e r s a l  f i s h  
f a u n a  on t h e  M i d d l e  A t l a n t i c  c o n t i n e n t a l  s l o p e  i n  d e p t h s  f ro m  57R to  
182 3 m ( 3 . 6 - 5 , 1 * 0  w h e r e  i t  w as  c o l l e c t e d  I n  52% o f  t h e  t r a w l s  ( n  ■ 6 6 ) ,  
The  c a t c h  s t a t i s t i c s  f o r  0 , 5 - h  1 3 , 7  m t r a w l s  b e t w e e n  500 a n d  1900 tn a r e i
LCL (*) UCL E x t r e m e s
P e r c e n t  o f  t o t a l  c a t c h ( n u m b e r s ) 0 , 1 0.  3 .4 0^-1
C"l1o
P e r c e n t  o f  t o t a l  c a t c h ( b i o m a s s ) 0 . 0 5 0 . 1 2 0 , 2 2 0 - 4 0 5
G e o m e t r i c  mean ( n u m b e r + 1 ) 1—1 1 , 8 2 ,1 0 - 1 3
G e o m e t r i c  mean ( b i o m a s s + 1 ) 4 . 3 7 . 5 1 3 .2 0 - 5 0 0
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F l a t s  o f  t h e  d e p t h  l o g  (x  + 1) number and b i o m a s s  o f  p a r a a j t l e u s  a r e
i n  F i g u r e  43 .
A l th o u g h  t h r e e  r e c o r d s  have  b e e n  r e p o r t e d  I n  d e p t h s  g r e a t e r  th a n  
2000 m, Gray ( 1 9 5 6 )  p l a c e s  t h e  c e n t e r  o f  d i s t r i b u t i o n  b e t w e e n  700  and  
1400 m. T h i s  p a p e r  I s  In  e s s e n t i a l  a g r e e m e n t  w i t h  h e r  r e s u l t s .  C a s t l e  
( 1 9 6 1 )  found  S. p a r a s i t i c u s  t o  be  a b s e n t  In  l o n g l i n e  s e t s  and  b a i t e d
t r a p s  i n  d e p t h s  l e s s  t h a n  900 m, a b u n d a n t  b e t w e e n  900 and 1100 m a n d
a b s e n t  i n  t r a p s  s e t  a t  1426 and  2377 ra, S o lo m o n ^ R a ju  and  R o s e n b l a t t
( 1 9 7 1 )  c a p t u r e d  f a i r  numbers  o f  t h i s  s p e c i e a  i n  t r a p s  In  t h e  c e n t r a l
P a c i f i c  i n  d e p t h s  f rom 1280 t o  1572 m. The w e s t e r n  N or th  A t l a n t i c  
r e c o r d s  {39 - 4 3 * N P 56*-72  W) o f  Goode and  Bean ( 1 8 9 6 )  w e r e  i n  d e p t h s  
f ro m  368 to  1653 m.
A s t r o n g  s l z e - d e p t h  r e l a t i o n s h i p  e x i s t s  f o r  ( N o r f o l k  Canyon)  popu­
l a t i o n s  o f  S.  p a r a s i t i c u s  w i t h  a n  i n c r e a s e  i n  TL w i t h  i n c r e a s i n g  d e p t h  
( 7 1 g .  4 4 A ) . S i x t y - t w o  p e r c e n t  o f  t h e  v a r i a t i o n  I n  s i z e  can  be 
a t t r i b u t e d  t o  a  ch a n g e  i n  d e p t h .  L en g th  f r e q u e n c y  d i s t r i b u t i o n  i s  in  
F i g u r e  44B. The  mean s i z e  was 247 mm ( e x t r e m e s  8 7 - 5 6 0  mm). T h r e e  
I n d i v i d u a l s  r e s e m b l i n g  t h e  m e tam orph lc  form d e s c r i b e d  by S o l o m o n - R a j u  
and R o s e n b l a t t  ( 1 9 7 1 )  w e re  c o l l e c t e d  d u r i n g  t h i s  s u r v e y .  One w as  t a k e n  
d u r i n g  t h e  J u n e  1973 c r u i s e  (95 mm TL) w h e r e a s  tw o  were t r a w l e d  o n  th e  
J u l y  1975 c r u i s e  ( 8 7 ,  89 Tim T L ) . A1 th ough  t h e  s a m p l e  s i z e  i s  s m a l l ,  
t h e s e  may r e p r e s e n t  t h e  s i z e  and i n d i c a t e  t h e  s e a s o n  when t h i s  s p e c i e a  
d e s c e n d s  t o  t h e  b o t t o m  from t h e  p e l a g i c  r e a l m .
S e a s o n a l  s a m p l i n g  r e s u l t e d  In  t h e  c o l l e c t i o n  o f  s i x  g r a v i d  f e m a l e s  
( x  TL* e x t r e m e s :  4 87 ,  4 3 2 -560  mm) from S e p t e m b e r  (n = 2 ) ,  November (n =
3) a n d  J a n u a r y  (n  ■ 1 ) .  The 497 mm TL s p e c i m e n  c o l l e c t e d  i n  J a n u a r y  was 
t h e  m o s t  m a t u r e  a s  j u d g e d  by ova  d i a m e t e r s  (x = 1 , 2 3  mm) w i t h  t h e  o v a ry
8 7
F i g u r e  43 .  Log (n u m b er  +  l ) / 0 . 5 - h  tow ( l o w e r )  a n d  Log ( b i o m a s s  {g)  + 
l ) / 0 . 5 - h  tow ( u p p e r )  f o r  S l m e t i c h e l y s  p a r a s i t i c u s  o f f  t h e  
M i d d l e  A t l a n t i c  c o a s t  o f  t h e  U. S. D ots  * 1 3 . 7  m a n d  ?cr s  
-  9 . 1  m o t t e r  t r a w l  c o l l e c t i o n s .
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f o r  S l m e n c h e l y s  p a r a f r i t  i c u s  c o l l e c t e d  o f f  t h e  M id d l e  A t l a n t i c  
c o a s t  o f  t h e  U. S,
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m a king  up 2 8 . 9 1  o f  i t s  t o t a l  w e i g h t .  The f e c u n d i t y  t o t a l  l e n g t h  r e l a ­
t i o n s h i p  was l o g  f e c u n d i t y  -  3 ,6 7 5  ( l o g  TL) - 5 . 0 6 7 ,  E i g h t y - s i x  p e r c e n t  
o f  t h e  v a r i a t i o n  i n  f e c u n d i t y  w as  a t t r i b u t a b l e  to  c h a n g e s  i n  t o t a l  l e n g t h .  
So lom on-RaJu  and R o s e n b l a t t  ( 1 9 7 1 )  e s t i m a t e d  t h a t  a  510 mm TL f e m a l e  had 
60*000 e g g s  from 0 . 6  t o  1 . 0  mm i n  d i a m e t e r .  They a l s o  s t a t e d  t h a t  t h e  
e g g s  a r e  p r o b a b l y  p e l a g i c ,  l a c k  an o i l  g l o b u l e  and a r e  g r e a t e r  t h a n  2 , 0  
mm I n  d i a m e t e r ,  A 454 mm TL r u n n i n g  r i p e  m a le  was c o l l e c t e d  d u r i n g  t h e  
November 19 74 c r u i s e  w h i l e  a  370 mm TL m a le  w i t h  e n l a r g e d  gonads  was 
c o l l e c t e d  In S e p te m b e r  1975.  T h es e  l i m i t e d  d a t a  i n d i c a t e  t h a t  s p a w n i n g  
may t a k e  p l a c e  d u r i n g  th e  w i n t e r  months a n d  t h a t  f e m a l e s  m a tu r e  a t  a b o u t  
420  mm TL w h e r e a s  m a le s  may m a t u r e  a t  a s m a l l e r  s i t e .
A l th o u g h  S o lo m o n -R a ju  and  R o s e n b l a t t  ( 1 9 7 1 )  found  e p i b e n t h i c  
am ph ipods  and  c o p e p o d s  i n  t h e  g u t s  o f  t h e  s m a l l e s t  S3. p a r a s i t i c u s  t h e y  
exam ined*  none w e re  found  In  t h e  20 s t o m a c h s  exam ined  d u r i n g  t h i s  s t u d y .  
T h o s e  i n d i v i d u a l s  c o n t a i n i n g  food  a l l  h a d  a w h i t e  f i b r o u s  o r  g e l a t i n o u s  
m a t e r i a l  i n  t h e i r  g u t  such  a s  h a s  been  r e p o r t e d  by o t h e r  a u t h o r s  
( S e d b e r r y  and  M u s t e k ,  1978) .
F a r t  ITT.
D i s t r i b u t i o n ,  Abundance  and R e p r o d u c t i o n  o f  H a l o a a u r o p a l B  Tnacrocli l r  
( H a l o a a u r i d a e )  In th e  w e s t e r n  North  A t l a n t i c
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I n t r o d u c t I o n
Members o f  t h e  f a m i l y  l l a l o s a u r l d a e  a r e  i m p o r t a n t  c o n s t i t u e n t s  o f  
t h e  b e n t h l c  d e e p v a t e r  f i s h  f a u n a  o f  t h e  w o r l d ’ s  o c e a n s .  D u r i n g  t h e  
c o u r s e  o f  i n t e n s i v e  s e a s o n a l  b o t t o m  t r a w l i n g  o p e r a t i o n s  I n  t h e  N o r f o l k  
Canyon a r e a  o f  t h e  w e s t e r n  N o r th  A t l a n t i c  ( -  37 *N) many H a l o s a u r o p s i s  
m a c r o c h i r  w e r e  c o l l e c t e d *  T h i s  s p e c i e s  i s  found  o f f  t h e  A t l a n t i c  C o a s t  
o f  t h e  U. S . ,  t h e  T o n g u e - o f - t h e - O c e a n ,  M i d - A t l a n t i c  R i d g e ,  t h e  e a s t e r n  
N o r th  A t l a n t i c  and o f f  S o u th  A f r i c a  i n  d e p t h s  f rom - 1200 m t o  3300  in 
(M cD ow el l , 19731 S u l a k ,  1 9 7 7 ) .
G r a a s l e  e ^  a j k  ( 1 9 7 5 )  a n d  Cohen  and Pawson ( 1 9 7 7 )  p r o v i d e d  d e t a i l e d  
d i s t r i b u t i o n  and  a b u n d a n c e  e s t i m a t e s  o f  H_. m a c r o c h l r  f rom p h o t o g r a p h i c  
and v i s u a l  o b s e r v a t i o n s  from D .S .R .V .  A l v i n  i n  t h e  w e s t e r n  N o r th  A t l a n t i c .  
S e d b e r r y  a n d  M usick  ( 1 9 7 8 )  gave an  a n a l y s i s  o f  t h e  food  h a b i t s  o f
H, m a c r o c h l r  from t h e  N o r f o l k  Canyon a r e a .  With t h e  e x c e p t i o n  o f  t h e
above  s t u d i e s ,  l i t t l e  i s  known a b o u t  t h i s  s p e c i e s .  The p u r p o s e  o f  t h i s  
r e p o r t  i s  t o  p r o v i d e  d e t a i l e d  d i s t r i b u t i o n  a n d  a b u n d a n c e  p a t t e r n s  f o r
t r a w l  c a u g h t  11. m a c r o c h l r  and  p r o v i d e  o b s e r v a t i o n s  on i t s  l i f e  h i s t o r y
and e c o l o g y .
M a t e r i a l s  a n d  Methods
TVo h u n d r e d  f i f t y - e i g h t  Ik m a c r o c h i r  f rom s e v e n  c r u i s e s  on t h e  
c o n t i n e n t a l  s l o p e  o f f  t h e  e a s t  c o a s t  o f  t h e  M id d le  A t l a n t i c  s t a t e s  w e r e  
th e  b a s i s  o f  t h i s  s t u d y  ( T a b l e  9 ) .  O n e - h a l f - h o u r  t r a w l s  w e r e  made w i t h  
e i t h e r  9*1  o r  1 3 .7  m o t t e r  t r a w l s  i n  d e p t h s  l e s s  t h a n  2000 m; t h e  t r a w l s  
were  f i s h e d  f o r  one  h o u r  a t  g r e a t e r  d e p t h s .  Mean d e p t h  o f  t r a w l  was
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T a b l e  9 .
C o l l e c t i o n  d a t a  f o r  c r u i s e s  u t i l i z e d  I n  t h i s  s t u d y
D ate V e s s e l
Area Sampled 
L a t i t u d e  N O t t e r  T raw l  S i z e
J u n e  1973 R/V I s e l i n 36 *40 ' -37  *10 ' 1 3 . 7  m
A p r i l  1974 R/V E a s t w a r d 3 6 *40 ' -37  * 1 0 1 9 . 1  m
May 1974 R/V D e la w a re  I I 30*1B '-39*1O ' 1 3 . 7  m
Nov, 1974 R/V G i l l i e s 36*40'  - 3 7  * 1 0 1 1 3 . 7  m
J u l y  1975 R/V E a s t w a r d 36*40’- 3 B * 4 0 t 9 .1  n
S e p t .  1975 R/V G i l l i e s j g ' ao’- s / ’ i o ' 1 3 . 7  m
J a n .  1976 R/V G i l l i e s SG'AO’- S / ’ l Q ’ 1 3 . 7  m
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o b t a i n e d  f r o m  m e a s u r e m e n t s  t a k e n  e v e r y  3 min a f t e r  th e  n e t  was  s e t  (■ end 
o f  w i r e  p a y o u t )  I n  0 . 5 - h  tow s  and  e v e r y  6  min In  1 . 0-h tow s ,  The
d i s t a n c e  t r a w l e d  waa o b t a i n e d  f rom L o r a n - C  f i x e s  t a k e n  a t  s e t  a n d  a t  t h e
i n i t i a t i o n  o f  h a u l  b a c k  a n d  t h e  a r e a  s a m p le d  was  o b t a i n e d  by m u l t i p l y i n g
t h e  a r e a  by  6 . 7  mt t h e  a v e r a g e  s w a t h  o f  o u r  13 .7  m t r a w l  (M us tek ,
p e r s o n a l  c o m m u n i c a t i o n ) .
G n a t h o p r o c t a l  l e n g t h  (GPL) was  m e a s u r e d  from th e  t i p  o f  t h e  lower  
ja w  t o  t h e  a n u s  and  s e x  a n d  r e l a t i v e  gonad  c o n d i t i o n  was n o t e d  on  a l l  
s p e c i m e n s  a t  s e a .  On t h e  J a n u a r y ,  J u l y  and September c r u i s e s  f r e s h  wet  
w e i g h t  was  m e a s u r e d  t o  t h e  n e a r e s t  g ram ,  A r e p r e s e n t a t i v e  s e r i e s  of  
g o n a d s  was  p l a c e d  i n  B o u i n ’ s o r  D a v i d s o n ’ s f i x a t i v e  f o r  r o u t i n e  h i s t o l o g ­
i c a l  e x a m i n a t i o n  u t i l i z i n g  H a r r i s - h e m a t o x y l i n - e o s i n  s t a i n .  F e c u n d i t y  
e s t i m a t e s  w e r e  o b t a i n e d  f r o m  o v a r i e s  d i g e s t e d  i n  G i l s o n ’ s s o l u t i o n  
( B a g e n a l ,  1 9 6 7 ) .
A n a l y s i s  o f  t h e  c a t c h  d a t a  showed t h e  v a r i a n c e  to  be g r e a t e r  th a n  
t h e  mean,  s o  t h e  d a t a  w e r e  t r a n s f o r m e d  ( E J l i o t t ,  1973) .
R e s u l t s  and D i s c u s s i o n
B a t h y m e t r i c  D i s t r i b u t i o n  a n d  A bundance :
H a l o s a u r o p a l s  m a c r o c h i r  was c a p t u r e d  i n  d e p t h s  from 1408 t o  2920 m 
i n  t h e  N o r f o l k  Canyon a r e a  ( F i g .  45) , A n a l y s i s  o f  v a r i a n c e  p e r fo rm e d  on 
t h e  l o g  ( n u m b e r  + 1)  c a t c h e s  p e r  0 . 5 - h  tow g rouped  i n t o  500 m d e p t h  o f  
c a p t u r e  I n t e r v a l s  showed  s i g n i f i c a n t  d i f f e r e n c e s  in  c a t c h  r a t e s  ( F _ 7 . 0 9 ,  
d f  “  3,  50)  a t  v a r i o u s  d e p t h s .  S c h e f f e ' s  l i n e a r  c o n t r a s t  to  d e t e c t  s i g ­
n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t r e a t m e n t  means showed t h a t  numbers  c a u g h t  
i n  t h e  1 5 0 0 -1 9 9 9  a n d  2 0 0 0 - 2 4 9 9  m d e p t h  i n t e r v a l s  were s i g n i f i c a n t l y  
g r e a t e r  t h a n  i n  t h e  r e m a i n d e r  o f  d e p t h  i n t e r v a l s .  H a l o s a u r o p a i s  makes
94
F i g u r e  4 5 .  Log (n u m b e r  + 1 ) p e r  0 . 5 - h  tow ( u p p e r )  a n d  Log (b io m a s s
(g )  + 1 ) p e r  0 . 5 - h  tow ( l o w e r )  p l o t t e d  a g a i n s t  mean d e p t h  
o f  t r a w l  f o r  H a l o s a u r o p s I s  m a c r o c h i r  f rom t h e  N o r f o l k  
Canyon a r e a .  D o t s  -  1 3 . 7  m o t t e r  t r a w l ;  x ' s  = 9 .1  tn 
o t t e r  t r a w l .
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u p  f ro m  0  t o  40 .5% a n d  0  t o  2 0 , 2 % o f  t h e  c a t c h  o f  b e n t h i c  f i s h e s  In  
n u m b e r s  a n d  b i o m a s s  r e s p e c t i v e l y  I n  1 3 . 7  m o t t e r  t r a w l  c o l l e c t i o n s  ( F ig ,  
4 6 ) .  S u m m a r ie s  o f  c a t c h  s t a t i s t i c s  a r e  In  T a b l e  10*
A l t h o u g h  II. m a c r o c h l r  I s  r e l a t i v e l y  e u r y b a t h i e  h a v i n g  a d e p t h  range  
I n  N o r f o l k  Canyon f ro m  1408  t o  a t  l e a s t  2920 m, I t  l a  r e l a t i v e l y  
s t e n o t h e r m a l .  I t s  t e m p e r a t u r e  r a n g e  i n  N o r f o l k  Canyon e x t e n d s  f ro m  2 .3  
t o  3*9 C ( F i g ,  47 )  w i t h  t h e  l a r g e s t  c a t c h e s  co in ing  f ro m  3 . 0  to  3 ,9 * C ,
H a e d r i e h  t^t jil_. ( 1 9 7 5 )  f a i l e d  t o  c o l l e c t  11. m a c r o c h l r  on t h e  c o n t i ­
n e n t a l  s l o p e  s o u t h  o f  New E n g l a n d  I n  4 , 9  m b e n t h i c  o t t e r  t r a w l s  i n  
d e p t h s  t o  1928  m. T h i s  may i n d i c a t e  t h e  II. m a c r o c h l r  c a n  e f f e c t i v e l y  
a v o i d  s m a l l  b e n t h i c  t r a w l s  b e c a u s e  G r a s s l e  et_ j i l ,  ( 1 9 7 5 )  found t h i s  
s p e c i e s  t o  b e  o n e  o f  t h e  more  common b e n t h l c  f i s h e s  i n  t h e  same a r e a  
u s i n g  v i s u a l  o b s e r v a t i o n s  f ro m  U ,E * R ,V .  A l v i n . H u s i c k  e ^  a X  (1975)  
f o u n d  H. m a c r o c h l r  t o  b e  one o f  t h e  d o m i n a n t  b e n t h i c  f i s h e s  In  t r a w l s  
f r o m  2130  t o  2700  m o f f  t h e  New J e r s e y  c o a s t  ( -  39*Nt 72*W), They 
r e p o r t e d  t h a t  I), m a c r o c h l r  made u p  a n  a v e r a g e  o f  11,3% by numbers  and 8% 
by  b i o m a s s  o f  t h e  b e n t h i c  f i s h e s  i n 6  t r a w l s  f r o m  t h a t  a r e a .  The d e e p e s t  
t r a w l  ( 2 7 0 0  m) f a i l e d  t o  c o l l e c t  a n y  H a l o s a u r o p s i s .
The s t a n d i n g  c r o p  e s t i m a t e s  o f  t h e  num b e r  a n d  b i o m a s s  of  
H. m a c r o c h l r / 1000  m^ i n  t h e  N o r f o l k  Canyon a r e a  a r e :
N u m b e r / 1000 G r a m s / 1000 m^
D ep th  Number o f  tow s  Gt)  ( e x t r e m e s )  Cx) ( e x t r e m e s )
1 0 0 0 - 1 4 9 9  5 ( 0 . 0 3 X 0 - 0 . 1 6 )  ( 1 2 . 3 X 0 - 6 1 . 7 )
1 5 0 0 - 1 9 9 9  8 ( 0 . 3 5 ) ( 0 - 1  . 2 8 )  ( 9 4 . 4 ) ( 0 - 3 2 1)
2 0 0 0 - 2 4 9 9  3 ( 0 . 2 1 ) ( 0 . 1 5 - 0 . 2 6 )  ( 6 0 . 7 ) ( 4 6 - 6 8 )
2 5 0 0 - 2 9 9 9  5 ( 0 . 0 7 )  ( 0 - 0 , 18 )  ( 1 9 , 4 X 0 - 5 0 . 7 )
Cohen ( 1 9 7 7 )  I n  a  s e r i e s  o f  m e a s u r e d  t r a n s e c t s  d u r i n g  D .S .R .V ,  
A l v i n  d i v e s  o f f  t h e  New J e r s e y  c o n s t  ( -  39*N, 72*W) fo u n d  H. m a c r o c h l r
Table 10. Catch statistics for Halosau~opsis macrocbir from the NoTfolk Canyon area. GM • geometri~ 
mean; LCL = lower 95% confiden~e limit; UCL - upper 95% confiden~e limit; N1/N ~ numbe~ of 
tows with H. macrochlr/total number. Only 13.7 m otter trawl collections used for summary. 
; of percents calculated after angular trangformation (Sokal and Rohlft 1969). 
Depth Inte rva1 1000-1499 lSOQ--1999 200Q-2499 2500-2999 
GM Number + 1/0.5-h tow 0.4 2.9- 3.4 0.8 
LCL, UCL 0~ 1 L 4;5. 6 2.1;5.2 0. 2; L 8 
Extre:IIIII:!s 0;6 0;18 1;10 0;5 
GM Biomass (g) + 1/0.5-h tow 6.6 146.5 863.2 44 
LCL, UCL 0.4;40 26;806 588;1268 2.9;520 
Extremes 0;1350 0~4655 325;2100 0;6250 
i % Total catch~numbers 0.1 4.4 u.s 2.1 
Extremes 0;1.9 0;40.5 ).7;23.8 0;17 
x % Total ~atth-weigbt 0.2 2.8 7.8 1.3 
E-,;;tremes 0;4.9 0;28.2 2;19.3 0; 11.9 
N1/N 5/15 10/19 10/10 6/10 \Q 
a.. 
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F i g u r e  46* P e r c e n t  o f  t h e  t o t a l  c a t c h  o f  b e n t h l c  f i s h e s  by n u m b e r s  
( u p p e r )  a n d  b i o m a s s  ( l o w e r )  made  up by  H a l o s a u r o p s l s  
m a c r o c h i r  p l o t t e d  a g a i n s t  meati d e p t h  o f  t r a w l *  D o t s  ■ 
1 3 . 7  m o t t e r  t r a w l s ;  x ’ s  -  9*1 m o t t e r  t r a w l s *
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F i g u r e  4 7 .  C a t c h  r a t e s  (Log (num ber  + l } / 0 , 5 - h  t o w )  o f  H a l o a a u r o p s i B  
m a c r o c h i r  p l o t t e d  a g a i n s t  b o t t o m  t e m p e r a t u r e .  O n l y  1 3 . 7  m 
o t t e r  t r a w l  c o l l e c t i o n s  u s e d .
I . a n
>  i ■ i *
2.4 30 36  4 2
BOTTOM TEMP °C
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t o  he  a d o m i n a n t  member o f  t h e  b e n t h i c  f i s h  f a u n a  i n  d i v e s  f rom  1768 t o  
21*11* m. H i s  r e s u l t s  f o r  H. m a c r o c h i r  w e r e :
Depth (tn)
P e r c e n t  o f  t o t a l  
f i s h  o b s e r v e d Number / 1000  m'
1768 14 2 .3 7
1960 13 1 .2 8
2066 0 0
2332 13 0 . 5 2
2426 16.  3 1 .0 5
2474 14 0 . 6 9
2797 0 0
G r a s s l e  _et_ al_. (1975 )  i n  a p h o t o g r a p h i c  c e n s u s  o f  t h e  b e n t h i c .  f i s h e s  and 
l a r g e r  i n v e r t e b r a t e s  on t h e  c o n t i n e n t a l  s l o p e  s o u t h  o f  New E n g la n d  
( -  3 9 * 4 5 'N P 70*40*10 d i d  n o t  f i n d  H. m a c r o c h i r  a l o n g  t r a n s e c t s  a t  1465-  
1550 m and t h o s e  l e s s  t h a n  1000  m. In  t h r e e  o t h e r  t r a n s e c t s  b e tw ee n  
1298 and 1830  tn t h e y  found  t h e  d e n s i t y  o f  H. m a c r o c h i r  to  be  f rom  0 . 4 7  
t o  1 .1 0  i n d i v i d u a l s  p e r  1 0 0 0  .
P l o t s  o f  t h e  d e p t h - d e n H i t y  v a l u e s  e x p r e s s e d  a s  number  o f  i n d i v i d u a l s /
o
1000 m a r e  p r e s e n t e d  In F i g .  48 .  V i s u a l  c o u n t s  on m e a su re d  t r a n s e c t s  
( C o h e n , 1977)  gave t h e  h i g h e s t  d e n s i t y  e s t i m a t e s  w h e r e a s  1 3 . 7  m o t t e r  
t r a w l s  gave t h e  l o w e s t .  A l t h o u g h  a l l  e s t i m a t e s  came from d i f f e r e n t  g e o ­
g r a p h i c  a r e a s ,  i t  a p p e a r s  t h a t  H. m a c r o c h i r  i s  s o m e t im e s  a b l e  t o  a v o i d  
c a p t u r e  i n  t h e  1 3 ,7  m b o t t o m  t r a w l .  The s p e c i e s  i s  a good swimmer,  b o t h  
f o r w a r d  a n d  b a c k w a rd  and  t h u s  may a v o i d  t h e  n e t  (D. M. Cohen,  p e r s o n a l  
c o m m u n i c a t i o n ) .  F u r t h e r m o r e ,  H. m a c r o c h i r  w as  s e e n  o f f  t h e  b o t t o m  above  
t h e  e s t i m a t e d  h e a d r o p e  h e i g h t  o f  2 . 1  m f o r  t h e  1 3 .7  m o t t e r  t r a w l  (D. F, 
K a r k l e ,  p e r s o n a l  c o m m u n i c a t i o n ) .  Th i s  s p e c i e s 1 m a n e u v e r a b i l i t y  and  i t s
100
fj
F i g u r e  48 ,  Number o f  H a l o s a u r o p s l s  m a c r o c h l r / IQOO m a t  v a r i o u s  d e p t h s ,  
13 -7  tn o t t e r  t r a w l  e s t i m a t e s  From t h i s  s t u d y ;  p h o t o g r a p h i c  
e s t i m a t e s  f ro m  G r a s s l e  al_. , 1975;  v i s u a l  c o u n t s  from 
Cohen a n d  P a w a o n ,  1977 .
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v a r i a b l e  a l t i t u d e  p r o v i d e  an e x p l a n a t i o n  f o r  t h e  f a i l u r e  o f  H a e d r i c h  
c t  a l . (1975) t o  c o l l e c t  t h i s  s p e c i e s  I n  4 , 6  m o t t e r  t r a w l s  even  th o u g h  
t h e y  t r a w l e d  I n  i t s  known d e p t h  r a n g e .
S i z e  a n d  R e p r o d u c t i o n
I n  t h e  N o r f o l k  Canyon a r e a ,  t h e  p o p u l a t i o n  o f  H. m a c r o c h i r  I s  made 
up o f  l a r g e  i n d i v i d u a l s  from 13 t o  31 cm GPL ( F i g ,  4 9 ) ,  P l o t s  o f  GPL 
a g a i n s t  mean d e p t h  showed a s i g n i f i c a n t  c o r r e l a t i o n  ( r  * 0 , 2 7 ,  n = 2 5 4 ) ,  
h o w e v e r ,  o n ly  1% o f  t h e  v a r i a t i o n  i n  s i z e  c a n  be  a t t r i b u t e d  t o  c h a n g e s  
i n  d e p t h .  The I n c r e a s e  i n  mean s i z e  w i t h  g r e a t e r  d e p t h s  in  t h i s  s p e c i e s  
i s  n o t  a s  p ro n o u n c e d  a s  i s  s e e n  i n  N o r f o l k  Canyon p o p u l a t i o n s  o f  P h y c j s  
c h e s t e r l , S y n ap h o b ran ch u a  k a u p i , S i m e n c h e l y s  p a r a s i t i c u s  and A n t im o r a  
r o a t r a t a .
The  l e n g t h - w e l g h t  r e l a t i o n s h i p  f o r  100 1[. m a c r o c h i r  from t h e  N o r f o l k  
Canyon a r e a  i s  i n  F i g u r e  50,  S e v e n t y - n i n e  p e r c e n t  o f  t h e  v a r i a t i o n  i n  
w e i g h t  i s  a s s o c i a t e d  w i t h  c hange s  i n  GPL,
A n a l y s i s  o f  v a r i a n c e  showed t h a t  m a le s  w e r e  s i g n i f i c a n t l y  s m a l l e r  
t h a n  femaleB  (F = 7 2 , 0 ,  d f  ™ 1,  B5) a t  s e x u a l  m a t u r i t y :
Sex N x GPL LCL UCL E x t r e m e s
male 21 231 223 230 2 0 5 -207
fem a le  66  272 267 276 2 0 0 -313
The s e x  r a t i o  i n  t r a w l  c a u g h t  H, m a c r o c h i r  was 2 . 0 4  to  1 w i t h  f e m a l e s  
p r e d o m i n a t i n g  i n  t h e  c a t c h e s .  T h e r e  was no e v i d e n c e  o f  a s e x - d e p t h  
r e l a t i o n  a s  was found f o r  A n t im ora  r o s t r a t a  (Wenner and  M ustek ,  1 9 7 7 ) .
The G P L - f e c u n d i t y  r e l a t i o n  f o r  37 II, m a c r o c h i r  r a n g i n g  i n  s i z e  f rom 
230 t o  301 mm GPL {x «* 271 mm GPL) i s  i n  F i g u r e  51 .  F i f t e e n  p e r c e n t  o f  
t h e  v a r i a t i o n  in  f e c u n d i t y  i s  a s s o c i a t e d  w i t h  c h a n g e s  i n  l e n g t h .  The 
lo w e s t  o b s e r v e d  f e c u n d i t y  i s  9000 e g g s  i n  a 257 mm GPL f i s h  w h e r e a s  t h e
103
F i g u r e  4 9 .  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  I l a l o s a u r o p a i a  n a c r o c h i r  
f r o m  t h e  N o r f o l k  Canyon a r e a .
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F i g u r e  50.  C n a t h o p r o c t a L  l e n g t h - w e i g h t  r e l a t i o n s h i p  f o r  h a i o a a u r o p s l s  
m a c r o c h i r  f rom  t h e  N o r f o l k  Canyon a r e a .
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O N A T H O F R O C T A L  L E N G T H  ( m m )
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F i g u r e  51- F e c u n d l t y - G P L  r e l a t i o n  f o r  H a l o a a u r o p s i a  m a c r o c h l r  f rom t h e  
N o r f o l k  Canyon a r e a .
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h i g h e s t  i e  4 0 , 3 3 3  I n  a  292 ram GPL f e m a l e .  In  13 g r a v i d  f e m a l e s  f o r  
w h i c h  d a t a  w as  a v a i l a b l e ,  t h e  o v a r i e s  made up an a v e r a g e  o f  3*93! o f  th e  
t o t a l  w e i g h t  o f  t h e  f i s h  ( e x t r e m e s :  3 . 0 - 7 .  I K ) .  T h e s e  i n d i v i d u a l s  had
a n  a v e r a g e  r e l a t i v e  f e c u n d i t y  ( e g g s / g  b o d y  w e i g h t )  o f  79 ( e x t r e m e s :  37- 
i l l ) .  T h u s ,  a  g r e a t  d e a l  o f  u n e x p l a i n e d  v a r i a b i l i t y  e x i s t B  i n  t h e
r e p r o d u c t i v e  p o t e n t i a l  o f  t h i s  s p e c i e s .
G r a v i d  f e m a l e s  ( f e m a l e s  w i t h  e g g s  g r e a t e r  t h a n  0 . 8  m i n  h o r i z o n t a l  
d i a m e t e r )  w e r e  f o u n d  t h r o u g h o u t  t h e  y e a r  ( T a b l e  1 ! ) .  The d a t a  w ere  not  
e x t e n s i v e  e n o u g h  t o  d e t e r m i n e  i f  H. m a c r o c h i r  spaw ns  t h r o u g h o u t  t h e  y e a r  
o r  i f  t h e r e  was  a  p e r i o d  o f  maximum s p a w n i n g  i n t e n s i t y .  The s i t u a t i o n  
i s  more  c o m p l e x  f o r  N o r f o l k  Canyon H, m a c r o c h i r  t h a n  found by S u l a k
( 1 9 7 7 )  f o r  T o n g u e - o f - t h e ^ O c e a n  A i d r o v a n d i a  w h e r e  h e  found e v i d e n c e  o f  
s e a s o n a l  p e a k s  i n  g o n a d a l  a c t i v i t y .
The H a l o s a u r l d a e  h a v e  a  p l a n k t o n i c  l e p t o c e p h a l u s  l a r v a e  ( H a r r i s a o n ,  
1 9 6 6 ,  S m i t h ,  1970)  w h i c h  i s  o f  l o n g  d u r a t i o n ,  p o s s i b l y  3 y e a r s  
( H a r r l s s o n ,  1 9 6 6 ) ,  a n d  w h i c h  a t t a i n s  a  l a r g e  s i z e  i n  c o m p a r i s o n  t o  
t y p i c a l  e e l  l e p t o c e p h a l i  ( S m i t h ,  1 9 7 0 ) ,  They a r e  p r o b a b l y  o f  a l a r g e  
s i z e  when t h e y  m e t a m o r p h o s e  I n t o  t h e  t y p i c a l  a d u l t  h a l n & a u r  body fo rm, 
McDowel l  ( 1 9 7 3 )  s t a t e s  t h a t  m e t a m o r p h o s e d  b u t  o b v i o u s l y  j u v e n i l e  h a l o -  
s a u r s  l a c k  s c a l e s  a n d  may h a v e  an i n c o m p l e t e  l a t e r a l  l i n e .  H owever ,  he
I n c l u d e s  n o  s i z e  d a t a  and d o e s  n o t  m e n t i o n  a n y t h i n g  a b o u t  H_. m a c r o c h i r
i n  h i s  g e n e r a l  d i s c u s s i o n .
D u r i n g  t h e  c o u r s e  o f  t h e  N o r f o l k  Canyon  s u r v e y ,  t h e  s m a l l e s t  
H_. m a c r o c h i r  e n c o u n t e r e d  was  130 mm CPL; i n  g e n e r a l  t h i s  s p e c i e s  was 
r e p r e s e n t e d  b y  l a r g e  i n d i v i d u a l s  ( F i g .  4 9 ) ,  J u v e n i l e s  o f  o t h e r  h a l o s a u r s  
( A l d r o v a n d i a  s p p . )  w e r e  f r e q u e n t l y  e n c o u n t e r e d  i n  c a t c h e s .  The q u e s t i o n  
a r i s e s  a s  t o  t h e  l o c a l e  o f  t h e  j u v e n i l e  s t a g e s  o f  j l ,  m a c r o c h i r . G rav id
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f e m a le s  and r u n n i n g  r i p e  m a l e s  h a v e  b e e n  c o l l e c t e d  i n  t h e  N o r f o l k  Canyon  
a r e a  s o  t h a t  sp a w n in g  may t a k e  p l a c e  In  t h a t  a r e a .  O t h e r  s p e c i e s  s u c h  
a s  A n t im ora  r o s t r a t e  may u n d e r t a k e  sp a w n in g  m i g r a t i o n s  w i t h  J u v e n i l e s  
u t i l i z i n g  some o t h e r  g e o g r a p h i c  l o c a l e  a s  a  n u r s e r y  a r e a .  The q u e s t i o n  
r e m a in s  a s  t o  t h e  l o c a l e  o f  t h e  j u v e n i l e  h a b i t a t  o f  H. m a c r o c h i r .
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T a b l e  11.
G o n ad a l  c o n d i t i o n  o f  f e m a l e  H a l o s a u r o p B l s  m a c r o c h i r  
f ro m  t h e  N o r f o l k  Canyon  a r e a .
S m a l l  D e v e l o p i n g  T o t a l
Im m a tu re  Eggs  Eggs  G r a v i d  Number
J a n u a r y  12 0 12 2 26
A p r i l  2 2 12 4 20
Kay 17 1 5 4 27
J u n e  2 4 2 1 9
J u l y  0 10 2 1 13
S e p t e m b e r  9 0 7 5 21
N ovember  7 6 10 2 25
Part IV.
B l a l a g y  o f  B a t h y g a u r u s
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I n t r o d u c t  i o n
A r c h i k e n t h i e  a n d  a b y s s o b e n t h l c  t r a w l  c o l l e c t i o n s  i n  t h e  w o r l d ' s  
o c e a n s  h a v e  y i e l d e d  a v a r i e t y  o f  f i s h e s  t h a t  h a v e  d i v e r s e  m o r p h o l o g i c a l  
a d a p t a t i o n s  t o  l i f e  i n  t h e  d e e p  s e a .  Among t h e  m o s t  s t r i k i n g  e x a m p l e s  
a r e  t h o s e  o f  t h e  b e n t h i c  r a y c t o p h i f o r m  f i s h e s .  A l t h o u g h  m o s t  a u t h o r s  
h a v e  n o t e d  t h e  b a t h y p t e r o i d s  a s  b e i n g  t h e  m o s t  s p e c t a c u l a r  member  o f  t h i s  
g r o u p  o f  f i s h e s  f o r  i t s  s t a n c e  on  e l o n g a t e d  v e n t r a l  a n d  c a u d a l  f i n  r a y s ,  
t h e  g e n u s  B a t h y s a u r u s  c o n t a i n s  f i s h e s  t h a t  a r e  e q u a l l y  s p e c t a c u l a r  i n  
t h e i r  m o r p h o l o g y ,
S u l a k  ( 1 9 7 7 )  on  t h e  b a s i s  o f  d e t a i l e d  o s t e o l o g i c a l  s t u d i e s  h a s  
r e a s s i g n e d  B a t h y s a u r u s  t o  t h e  s u b f a m i l y  B a t h y s a u r i n a e  o f  t h e  f a m i l y  
S y n o d o n t i d a e ♦ Head ( 1 9 6 6 )  l i s t s  t h r e e  s p e c i e s  i n  t h e  g e n u s  B a t h y s a u r u s  
i n  t h e  w o r l d ’ s  o c e a n s  (11, a g a a s l z i : N o r t h  A t l a n t i c ;  ]3. f e r o x  I
S o u t h w e s t e r n  P a c i f i c ;  II, m o l l i s ; N o r t h  A t l a n t i c  a n d  P a c i f i c ) ,  h o w e v e r ,  
S u l a k  a n d  W e n n e r  ( i n  p r e p a r a t i o n )  h a v e  f o u n d  B. a g a s s i z j  Goode a n d  B e a n ,  
1BB3 t o  b e  a  s ynonym  o f  J). f e r o x  G u n t h e r ,  1878 .
B a t h y s a u r u s  f e r o x  i s  known f rom a v a r i e t y  o f  d e e p w a t e r  l o c a l e s  i n  
t h e  e a s t e r n  a n d  w e s t e r n  N or th  A t l a n t i c  ( s e e  G r e y ,  1 9 5 6  f o r  e a r l y  r e c o r d s )  
i n  d e p t h s  f r o m  1098 t o  2603 m. A l t h o u g h  t h i s  s p e c i e s  i s  r e a s o n a b l y  w e l l  
r e p r e s e n t e d  i n  b e n t h i c  o t t e r  t r a w l  c o l l e c t i o n s  on t h e  l o w e r  p a r t  o f  t h e  
c o n t i n e n t a l  s l o p e ,  ircist r e p o r t s  o f  t h i s  s p e c i e B ,  w i t h  t h e  e x c e p t i o n  o f  
t h e  c o m p o s i t i o n  o f  t h e  d i e t  { S e d b e r r y  a n d  M u s i c k ,  1 9 7 8 )  h a v e  b e e n  a s  
p a r t  o f  a  f a u n a l  c h e c k l i s t  o r  a c o m m u n i ty  s t u d y  { M u s i c k  ^  f r l .  , 1 9 7 5 ) .  
G r a s s l e  e_t a_ l . ( 1 9 7 5 )  and  Cohen a n d  Pawson ( 1 9 7 7 )  p r e s e n t e d  e s t i m a t e s  o f  
t h e  d e n s i t y  o f  j l ,  f e r o x  o f f  t h e  e a s t  c o a s t  o f  t h e  U n i t e d  S t a t e s  o n  t h e
1 1 0
b a s i a  o f  v i s u a l  c o u n t s  a n d  a  p h o t o g r a p h i c  c e n s u s  f rom  D . S . R . V .  A l v i n .
The p u r p o s e  o f  t h i s  r e p o r t  i s  t o  c o m p are  t h e  d e n s i t y  o f  JJ. f e r o x  
f rom  t r a w l  c o l l e c t i o n s  w i t h  t h o s e  o f  G r a s s l e  e t  a l .  (1975)  a n d  Cohen  a n d  
Pawson ( 1 9 7 7 ) ,  p r o v i d e  d i s t r i b u t i o n  a n d  a b u n d a n c e  p a t t e r n s  w i t h  d e p t h  
f rom t h e  N o r f o l k  Canyon  a r e a  o f f  t h e  e a s t e r n  U. S,  and  t o  d e s c r i b e  t h i s  
s p e c i e s  * r e p r o d u c t i v e  b i o l o g y .
M a t e r i a l s  a n d  Methods
S p ec im en s  u s e d  i n  t h i s  s t u d y  w e r e  c o l l e c t e d  d u r i n g  s e v e n  c r u i s e s  
f rom 1973  t o  1975 on  t h e  c o n t i n e n t a l  s l o p e  a n d  r i s e  o f f  t h e  e a s t  c o a s t  
o f  t h e  U, S. f rom  - 36* t o  38*N. O t t e r  t r a w l s ,  e i t h e r  9 . 1  m o r  1 3 . 7  m, 
w ere  f i s h e d  f rom a  s i n g l e  t r a w l  w arp  f o r  0 , 5 - h  i n  d e p t h s  l e s s  t h a n  2000  
m w h e r e a s  i n  g r e a t e r  d e p t h s  t h e  n e t  was f i s h e d  f o r  1 . 0 - h .  Mean d e p t h  o f  
t r a w l  was c a l c u l a t e d  f r o m  d e p t h  r e a d i n g s  t a k e n  e v e r y  3 min ( 0 . 5 - h  t o w s )  
o r  e v e r y  6 min ( 1 . 0 - h  t o w s )  and b o t t o m  t e m p e r a t u r e s  w ere  m e a s u r e d  w i t h  
N l s k i n  b o t t l e s  e q u i p p e d  w i t h  r e v e r s i n g  t h e r m o m e t e r s  o r  f rom  CTD t r a c e s .
At s e a ,  s t a n d a r d  l e n g t h  (SL) w a s  m e a s u r e d  t o  t h e  n e a r e s t  (ran, w e i g h t  
t o  t h e  n e a r e s t  g ,  a n d  r e l a t i v e  g o n a d  c o n d i t i o n  r e c o r d e d .  A s a m p l e  o f  
gonads  f r o m  e a c h  c r u i s e  w as  p l a c e d  i n  B o u i n ' s  a n d / o r  D a v i d s o n ' s  f i x a t i v e  
f a r  r o u t i n e  h i s t o l o g i c a l  e x a m i n a t i o n  u t i l i z i n g  H a r r i s  h e m a t o x y l i n - e o s i n  
s t a i n .  F e c u n d i t y  e s t i m a t e s  a n d  o v a  d i a m e t e r s  w e r e  made on  g o n a d s  p l a c e d  
i n  G i l s o n ’ s  s o l u t i o n  ( B a g e n a l ,  1 9 6 7 ) .
C a t c h e s  w e re  e x p r e s s e d  a s  n u m b e rs  and  w e i g h t / h o u r  tow .  The 0 - 5 - h  
t r a w l  c o l l e c t i o n s  w e r e  d o u b l e d  ( b o t h  number  a n d  w e i g h t )  a n d  e x p r e s s e d  a s  
c a t c h  p e r  h o u r  tow. T h i s  a s s u m e s  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  t r a w l
t i m e  a n d  c a t c h  b u t  t h e  a c t u a l  n a t u r e  o f  t h e  r e l a t i o n s h i p  i s  n o t  known.
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The number  a n d  b i o m a s s  p e r  1000 m w e r e  c a l c u l a t e d  f rom t h e  c a t c h e s ,
Ill
d i s t a n c e  t o w e d  o b t a i n e d  f r o m  L o r a n - C  f i x e s  a t  t h e  s t a r t  o f  t h e  t r a w l  
(■ end  o f  w i r e  p a y - o u t )  a n d  t h e  e n d  o f  t r a w l  (*■ s t a r t  o f  w i r e  r e t r i e v a l ) ,  
and t h e  s w a t h  o f  t h e  1 3 . 7  m n e t  {m 6 . 7  m, M u s t e k ,  p e r s o n a l  c o m m u n i c a t i o n ) .  
A l l  s t a t i s t i c a l  p r o c e d u r e s  w e r e  c a r r i e d  o u t  on  a n  IBM-360 c o m p u t e r  u s i n g  
SPSS, S t a t i s t i c a l  P a c k a g e  f o r  t h e  S o c i a l  S c i e n c e s  ( N i e  ^t_ a_l, , 1 9 7 0 ) .
R e s u l t s  and  D i s c u s s i o n
B a t h y s a u r u s  f e r o x  w a s  c o l l e c t e d  i n  213! a n d  42% of t h e  9 , 1  m a n d  1 3 . 7  
m o t t e r  t r a w l s  f r o m  1000  t o  3100 m o f f  t h e  c o n s t  o f  t h e  M i d d l e  A t l a n t i c  
S t a t e s .  The s h a l l o w e s t  c a p t u r e  w as  a t  1350  m ( b o t t o m  t e m p e r a t u r e  -  
4 ,1 * C )  w h e r e a s  t h e  d e e p e s t  w as  £933  m ( b o t t o m  t e m p e r a t u r e  = 2 . 3  C ) . 
N i n e t y - a i x  p e r c e n t  o f  t h e  t r a w l s  w h i c h  c o l l e c t e d  j k  f e r o x  w e r e  b e l o w  t h e  
4* I s o t h e r m ,  No d e p t h  o f  maximum a b u n d a n c e  ( n u m e r i c a l  o r  b i o m a s s )  was  
a p p a r e n t  f r o m  e i t h e r  t h e  9 . 1  o r  1 3 , 7  m o t t e r  t r a w l s .  C a t c h  s t a t i s t i c s  
f o r  b o t h  t r a w l a  a r e  i n  T a b l e  1 2 ,  The  n um be r  o f  j k  f e r o x  f o r  t w e n t y - t h r e e
1 3 . 7  m o t t e r  t r a w l s  f r o m  1 1 0 9  t o  2933  m r a n g e d  f r o m  0 t o  0 . 2 / 1 0 0 0  m^
fx  ■ 0 . 0 3 } .  The b i o m a s s  r a n g e d  fTom 0 t o  210 g / 1 0 0 0  m^ (x  = 2 2 . 5 ) .
The mean s i z e  f o r  39 Ik  f e r o x  w as  462 mm SL w i t h  t h e  95% c o n f i d e n c e  
l i m i t s  b e i n g  4 2 3 - 5 0 1  ( e x t r e m e s :  1 7 4 - 6 1 0 ) .  No s i z e - d e p t h  r e l a t i o n s h i p
was f o u n d  f o r  t h i s  s p e c i e s ,  h o w e v e r ,  i t  w as  n o t e d  t h a t  a l l  s m a l l  i n d i v i ­
d u a l s  ( 1 9 7 4 - 2 1 0  mm SL) w e r e  t a k e n  i n  d e p t h s  l e s s  t h a n  2000  m ( F i g .  5 2 ) .
The l e n g t h - W e l g h t  r e l a t i o n  f o r  13 I k  f e r o x  f ro m  207  t o  591 mm SL was l o g  
w e i g h t  ( g )  = 3 . 5 7  ( l o g  SL mm) -  6 . 7 .  The  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  
( r ^  x 100)  sh o w e d  t h a t  99% o f  t h e  v a r i a t i o n  i n  w e i g h t  i s  a t t r i b u t a b l e  t o  
c h a n g e s  i n  SL.
G r a s s l e  e t  a l ,  ( 1 9 7 5 )  fo u n d  J k  f e r o x  t o  b e  r e s t r i c t e d  t o  d e p t h s
from 1500 t o  1800  m i n  a p h o t o g r a p h i c  c e n s u s  o f  t h e  c o n t i n e n t a l  s l o p e
s o u t h  o f  New E n g l a n d  f r o m  D . S . R . V .  A l v i n ■ G e n e r a l l y ,  t h e y  saw  2 t o  3
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F i g u r e  52 .  P l o t  o f  s i z e  a g a i n s t  mean d e p t h  o f  t r a w l  f o r  B a t h y s a u r u s  
f e r o x  c o l l e c t e d  f r o m  ~ 36 t o  3fl*N o f f  t h e  e a s t  c o a s t  of  
t h e  U n i t e d  S t a t e s .
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mp e r  d i v e , a l t h o u g h ,  on  d i v e  0280 i n  1778-1822  tit m ore  th a n  10 w e r e  s e e n .  
They e s t i m a t e d  t h e  d e n s i t y  o f  j). f e r o x  on t h a t  d i v e  t o  be 0 , 4 7 / 1 0 0 0  in* 
A l t h o u g h  t h i s  s p e c i e s  was  observed  on o t h e r  d i v e s ,  no  d e n s i t y  v a l u e s  
w ere  g i v e n .  Cohen a n d  Pawson <1977) ,  In  a r e p o r t  o n  t h e  d e n s i t y  o f  
f i s h e s  on  t r a n s e c t s  f ro m  1798 to 2797 m b a s e d  on v i s u a l  c o u n t s  and p h o to ­
g r a p h s ,  f o u n d  JS. f e r e x  f rom  1768 to  2426 m w i t h  t h e  g r e a t e s t  d e n s i t y  
f ro m  1768  t o  2066 m. I t  was no t  s i g h t e d  be low  2474 m and a t  t h e  d e e p e s t  
s t a t i o n  (2797  m) was  r e p l a c e d  by i t s  c o n g e n e r ,  B, m o l l  Is  * P l o t s  o f  th e  
d e n s i t y  v a l u e s  f o r  1 3 . 7  m t r a w l s ,  p h o t o g r a p h s  and v i s u a l  c o u n t s  a r e  in  
F i g u r e  5 3 .  V i s u a l  c o u n t s  gave the  h i g h e s t  e s t i m a t e s ,  w hereas  p h o t o g r a p h s  
gave  i n t e r m e d i a t e  v a l u e s  In  two I n s t a n c e s .  I t  a p p e a r s  t h a t  t h e  maximum 
a b u n d a n c e  o f  B_. f e r o x  i s  from 1700 t o  2100 n o n  th e  c o n t i n e n t a l  s l o p e  o f f  
t h e  e a s t e r n  LL S,
B a t h y s a u r u s  f e r o x  i s  a s y n c h ro n o u s  h e r m a p h r o d i t e .  H i s t o l o g i c a l  
s e c t i o n s  o f  t h e  g cnads  d e m o n s t r a t e  t h e  p r e s e n c e  o f  b o t h  o v a r i a n  and  
t e s t i c u l a r  t i s s u e  ( F i g .  54A),  The o v o t e s t e s  a r e  p a i r e d  f i n g e r - l i k e  
p r o j e c t i o n s  s u s p e n d e d  f rom the d o r s a l  p e r i t o n e u m .  T he  t e s t i c u l a r  p o r t i o n  
i s  l o c a t e d  on  the  d o r s a l  s u r f a c e  ( F i g .  54B) and i n  b o t h  f r e s h  a n d  
p r e s e r v e d  s p e c im e n s  i t  i s  r e a d i l y  a p p a r e n t  by t h e  c r e a m y  w h i t e  opaque  
a p p e a r a n c e  on  th e  s t r u c t u r e ' s  d o r s a l  s u r f a c e .
S t e i n  and B u t l e r  ( 1 9 7 2 )  r e p o r t e d  on  t h e  c o l l e c t i o n  o f  t h r e e  male 
B a t h y s a u r u s  m o l l i s  i n  t h e  n o r t h e a s t  P a c i f i c .  T h e i r  i n t e r p r e t a t i o n  
( p r e s u m a b l y  b a s e d  on g r o s s  m o r p h o l o g i c a l  o b s e r v a t i o n s )  o f  s e p a r a t e  aexefi 
i n  t h i s  s p e c i e s  i s  i n  e r r o r .  H i s t o l o g i c a l  s e c t i o n s  o f  t h e  g o n a d s  from 
two s p e c i m e n s  (USNM 2 1 1 2 7 8 ,  211279) ,  31 and  37 cm SL c o l l e c t e d  o f f  th e  
O regon  c o a s t  in  d e p t h s  o f  3900 and 3932 m show t h e s e  s p e c im e n s  t o  be 
h e r m a p h r o d i t i c .  The t e s t i c u l a r  and o v a r i a n  p o r t i o n s  o f  t h e  gonad  a r e
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F i g u r e  5 3 .  D e n s i t y  e s t i m a t e s  ( n u m b e r / 1 0 0 0  m ) a t  v a r i o u s  d e p t h s  f o r  
B a t h y a a u r u s  f e r o x  o f f  t h e  e a s t  c o a s t  o f  t h e  U n i t e d  S t a t e s  
b a s e d  on  1 3 . 7  m t r a w l s ,  p h o t o g r a p h s  ( G r a s s l e  ejt a_l_. , 1975)  
and v i s u a l  c o u n t s  (Cohen  and P a w so n ,  1 9 7 7 ) .
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F i g u r e  54.  H i s t o l o g i c a l  s e c t i o n s  o f  g o n a d a l  t i s s u e  from B a t h y s a u r u s  
f e r o x . D a v i d s o n ’ s f i x a t i v e ,  H a r r i s  h e m a t o x y l l n - e o s i n  
S t a i n .  RS ■ r e s i d u a l  s p e r m ,  0 ■ o o c y t e ,  10 = Imm ature  ova ,
A -  a t r e t i c  f o l l i c l e ,  OT -  o v a r i a n  lumen.
A. C r o s s  s e c t i o n  o f  t h e  o v o t e s t l B  f rom a 507 mm SL JK
f e r o x  c o l l e c t e d  In  A p r i l  1974,  R e s id u a l  sperm a r e  
p r e s e n t  i n  t h e  t e s t i c u l a r  p o r t i o n  o f  t h e  gonad .
A l t h o u g h  some ova w e r e  o f  d i f f e r e n t  e±ze c l a s s e s  t h a n  
o t h e r s ,  no m a t u r e  e g g s  were  o b s e r v e d ,
B.  C r o s s  s e c t i o n  o f  t h e  o v o t e s t l s  from a 4fl8 mm SL IK
f e r o x  c o l l e c t e d  i n  A p r i l  1974 showing  an a t r e t i c  f o l l i c l e
r e m a i n i n g  f rom t h e  p r e v i o u s  w i n t e r ’s  spawning .
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s e p a r a t e d  a n d  r e s e m b l e  t h o s e  o f  I t s  c o n g e n e r ,  JJ . f e r o x . Both  s p e c im e n s  
a r e  immat u r e ,
B a t h y s a u r u s  f e r o n  l a  a  s e a s o n a l  s p a w n e r  s h o w in g  maximum g o n a d a l  
a c t i v i t y , a s  j u d g e d  by ova d i a m e t e r s  f rom  G i l s o n ’ s s o l u t i o n - f i x e d  g o n a d s ,  
f rom  November and J a n u a r y  ( F i g ,  5 5 ) ,  Gonad s e c t i o n s  show t h e  same 
d e v e l o p m e n t a l  p a t t e r n .  F i s h e s  i n  A p r i l  had  a t r e t i c  f o l l i c l e s  p r e s e n t  
w h e re  t h e  unspawned f u l l y  d e v e l o p e d  e g g  was  u n d e r g o i n g  r e s o r p t i o n .  
R e s i d u a l  s p e r m  w ere  p r e s e n t  I n  t h e  lumen o f  t h e  v a r i o u s  t u b u l e s  o f  t h e  
t e s t i c u l a r  p o r t i o n .  However,  a l m o s t  a l l  o f  t h e  r e m a i n i n g  c e l l  t y p e s  
w ere  p r i m a r y  and s e c o n d a r y  s p e r m a t o g o n i a .  B o th  m a le  and  fem a le  p o r t i o n s  
o f  t h e  g o n a d s  showed a g r a d u a l  a p p r o a c h  t o  m a t u r i t y  u n t i l  t h e  November 
and J a n u a r y  s e c t i o n s ,  w h ich  had  l a r g e  am ounts  o f  s p e rm  In  t h e  d i s t e n d e d  
t u b u l e s  i n  t h e  t e s t i c u l a r  p o r t i o n  a n d  l a r g e  y o l k  l a d e n  e g g s  i n  t h e  
o v a r i a n  p o r t i o n .
E i g h t  j l .  f e r o x , r a n g i n g  i n  s i z e  f rom  503 t o  605 mm SL (x  * 557) had 
a g e o m e t r i c  mean f e c u n d i t y  o f  3 2 , 1 1 0  w i t h  t h e  u p p e r  and  lo w e r  c o n f i d e n c e  
l i m i t s  b e i n g  AO,535 and  2 5 , 4 3 5  ( e x t r e m e s :  2 4 , 3 3 3 - 5 6 , 0 0 0 ) .  The gonads
made up 3 . 3  and 4.4% o f  t h e  t o t a l  w e i g h t  o f  t h e  two m os t  m a tu r e  f i s h  
(SL: 593;  573 nrn) c o l l e c t e d  i n  J a n u a r y  19 76 and  t h e y  h a d  a r e l a t i v e
f e c u n d i t y  o f  1 4 . 7  and  1 8 , 3  e g g s / g  o f  b o d y  w e i g h t .
I t  l a  p u re  c o n j e c t u r e  a s  t o  w h e t h e r  t h e  f e r t i l i z e d  e g g s  o f  B, f e r o x  
a r e  b e n t h i c  o r  p e l a g i c  b u t  i t  i s  r e a s o n a b l e  t o  a ssum e  t h a t  t h e y  a r e  
p e l a g i c  t o  r e d u c e  t h e  p r o b a b i l i t y  o f  p r e d a t i o n  on them by b e n t h i c  
a n i m a l s .  I f  t h e y  a r e  i n d e e d  p e l a g i c ,  t h e i r  l o c a t i o n  i n  t h e  w a t e r  column 
c a n n o t  be  a s c e r t a i n e d  u n t i l  d i s c r e t e  d e p t h  s a m p l i n g  w i t h  m id w a te r  t r a w l s  
i s  c a r r i e d  o u t .
J o h n s o n  (19 74) r e v i e w e d  t h e  l i t e r a t u r e  on  M a c r i s t l u m  and  gave
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F i g u r e  5 5 .  F r e q u e n c y  d i s t r i b u t i o n  o f  o v a  d i a m e t e r s  f rom B a t h y s a u r u s  
f e r o x  f o r  d i f f e r e n t  m o n t h s .  N « number  o f  f l a h  t h a t  
f r e q u e n c y  d i s t r i b u t i o n  i s  b a s e d  on  f o r  e a c h  m onth .
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c o n v i n c i n g  e v i d e n c e  t h a t  t h e s e  f o r m s  a r e  l a r v a l  B a t h y s a u r u s . Two 
o b s e r v a t i o n s  t h a t  s t o o d  o u t  I n  t h e  p a p e r s  o n  M a c r l s t i u m  a r e  t h e  l a r g e  
maximum s i z e s  r e p o r t e d  ( □ k l y a m a ,  1973)  a n d  t h e  e n l a r g e d  f a n - s h a p e d  f i n s  
( s e e  R o s e n ,  1 9 7 1 ,  F i g s .  1 a n d  2 ) .
B a t h y s a u r u s  f e r o x  a n d  B^ . m o l l  I s  a r e  b e n t h i c  f i s h e s  w h i c h  l a c k  a  
s w i m b l a d d e r . The  l a r g e  f i n s  on  l a r v a l  b a t h y s a u r s  p r o b a b l y  h e l p  s l o w  
t h e  s e t t l i n g  o f  t h e  l a r v a e  In  t h e  w a t e r  c o lum n  by  i n c r e a s i n g  t h e  s u r f a c e  
t o  v o lu m e  r a t i o  a n d  i n c r e a s i n g  d r a g  I n  t h e  w a t e r .  T i l l s  w o u ld  h e l p
d e c r e a s e  t h e  am ount o f  e n e r g y  r e q u i r e d  f o r  m a i n t a i n i n g  p o s i t i o n  i n  t h e
w a t e r  c o l u m n .
B a t h y f l a u r u s  f e r o x  o c c u r s  i n  a  r e g i o n  b e l o w  t h e  4*C i s o t h e r m  
I n h a b i t e d  b y  r e l a t i v e l y  l a r g e  f i s h e s  s u c h  a s  A n t i m o t a  r o s t r a t a ,
H a l o s a u r o p a l s  m a c r o c h i r , C o r y p h e n o i d e s  r u p e s t r I s , C.  a r m a t u s ,
C_. l e p t o l e p l a , H l s t l o b r a n c h u s  b a t h y b t u s , e t c .  The e x t e n d e d  l a r v a l  l i f e  
w i t h  t h e  s u b s e q u e n t  l a r g e  s i z e  a t t a i n e d  by t h e  l a r v a e  b e f o r e  m e ta m o r p h o ­
s i s  a n d  d e s c e n t  f rom  t h e  p e l a g i c  r e a l m ,  e n a b l e s  j l .  f e r o x  t o  a v o i d  
p r e d a t i o n  upon  r e a c h i n g  b o t t o m .  The s m a l l e s t  s p e c i m e n  t h a t  h a s  b e e n  
c o l l e c t e d  i n  t h i s  s u r v e y  o f f  t h e  e a s t  c o a s t  o f  t h e  U. S,  i s  174 mm SL. 
T h i s  may b e  a n  i n d i c a t i o n  o f  t h e  minimum s i z e  a t t a i n e d  by  II. f e r o x  when
i t  t a k e s  up a b e n t h i c  h a b i t .
Part  V.
L i f e  h i s t o r y  o f  t h e  l o n g f i n  hake*  P h y c l s  c h e a t e r ! , 
i n  t h e  w e s t e r n  N o r th  A t l a n t i c
120
121
I n t r o d u c t I o n
The g a d l d  f i s h  g e n u s  P h y c i s  i n h a b i t s  t h e  o u t e r  c o n t i n e n t a l  s h e l v e s  
and  s l o p e s  o f  t h e  N o r th  A t l a n t i c  Ocean a n d  M e d i t e r r a n e a n  Sea ( A n d r i y a s h e v ,  
1954,  S v e t o v i d o v ,  194B, 1 9 7 3 ) ,  The w e s t e r n  N or th  A t l a n t i c  member o f  t h i s  
g e n u s ,  _P* c h e s t e r l  Goode and Bean,  1878* ( F i g .  5 6 ) ,  r e s i d e s  on t h e  c o n t i ­
n e n t a l  s l o p e  o f f  N o r th  A m er ica  from a t  l e a s t  45 N (L i e m  and S c o t t ,  1966) 
s o u t h  t o  th e  S t r a i t s  o f  F l o r i d a  (25*N) ( K t a i g e r ,  1 9 7 0 ) .  T r a w l s  t a k e n  
a l o n g  t h e  c o n t i n e n t a l  s l o p e  from Nova S c o t i a  f4 3*K) s o u t h  to  V i r g i n i a  
(37*N) shew p .  c h e s t e r i  t o  be  d i s t r i b u t e d  f rom 230 t o  1 372 cn w i t h  i t s  
maximum a b u n d a n c e  b o t h  I n  numbers and  b i o m a s s  i n  d e p t h s  from 365  t o  830 
m f S c h r o e d e r ,  1 9 5 5 ) .  F r i t z  (1961) p r e s e n t s  e v i d e n c e  f o r  an  I n c r e a s e  in  
s i z e  w i t h  i n c r e a s i n g  d e p t h  o f  c a p t u r e  f o r  t h i s  s p e c i e s  o f f  B l o c k  I s l a n d  
<40*N) .
A l th o u g h  l a t i t u d i n a l  and  b a t h y m e t r i c  d i s t r i b u t i o n a l  l i m i t s  a r e  
f a i r l y  w e l l  known f o r  c h e s t e r i , i n f o r m a t i o n  c o n c e r n i n g  i t s  l i f e  
h i s t o r y  and  e c o l o g y  i s  a l m o s t  t o t a l l y  l a c k i n g .  S e d b e r r y  and M u s i c k
(1978)  found  t h i s  s p e c i e s  t o  p re y  upon b o t h  b e n t h i c  a n d  p e l a g i c  c r u s t a ­
c e a n s ,  m o l l u s k s  and f i s h e s .  F h y c i s  c h e s t e r i  i s  s a i d  t o  be  a summer  and 
autumn s p a w n e r  w i t h  p e l a g i c  f r y  ( B i g e l o w ,  1917) w h ic h  r e a c h  7 4 - 1 1 0  mm 
t o t a l  l e n g t h  (TL)  in  t h e i r  f i r s t  y e a r  ( B ig e lo w  and S c h r o e d e r ,  1 9 5 5 ) .
The p u r p o s e  o f  t h i s  r e p o r t  ia  t o  p r o v i d e  b a s i c  i n f o r m a t i o n  on  th e  
l i f e  h i s t o r y  a n d  e c o l o g y  o f  t h i s  a p e c i e s  and t o  c o m p are  i t s  r e p r o d u c t i v e  
b i o l o g y  w i t h  t h a t  o f  o t h e r  gad ld  f i s h e s .
M a t e r i a l s  and Methods
D a ta  f rom s i x  c r u i s e s  formed t h e  main  s o u r c e  o f  m a t e r i a l  f o r  t h i s
1 2 2
Figure 56. The long fin hake, Phycis chesteri.
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s t u d y  ( T a b l e  1 3 )*  O n e - h a l f  h o u r  t o w s  w e r e  made w i t h  e i t h e r  9 , 1  o r  1 3 . 7  
m B e m i b a l l a o n  o t t e r  t r a w l s  e q u i p p e d  w i t h  s t e e l  MV" d o o r s  e x c e p t  on 
c r u i s e  E - 2 - 7 4  when wooden  d o o r s  w e r e  u s e d *  B o th  n e t s  h a d  1 . 2 7  cm s t r e t c h  
mesh c o d - e n d  l i n e r s  a n d  w e r e  f i s h e d  f r o m  a s i n g l e  t r a w l  w a r p .  The two 
E a s t w a r d  c r u i s e s  p r o v i d e d  l i f e  h i s t o r y  i n f o r m a t i o n  b u t  w e r e  e x c l u d e d  f ro m  
a n a l y s i s  o f  t h e  c a t c h  d a t a .  Mean d e p t h  o f  t r a w l  w as  c a l c u l a t e d  f rom 
d e p t h s  t a k e n  e v e r y  3 mln a f t e r  t h e  t r a w l  was  s e t  ( “  end o f  w i r e  p a y - o u t ) . 
Area  s a i l e d  b y  t h e  1 3 . 7  m t r a w 1 was c a l c u l a t e d  by m u l t i p l y i n g  t h e  
d i s t a n c e  t r a w l e d ,  o b t a i n e d  f ro m  L o r a n - C  f i x e s  a t  n e t  s e t  a n d  t h e  I n i t i a ­
t i o n  o f  h a u l  b a c k ,  by  6 . 7  m, t h e  a v e r a g e  s p r e a d  o f  a  1 3 . 7  m t r a w l  
(M u s ic k ,  p e r s o n a l  c o m m u n i c a t i o n )  f o r  c r u i s e s  C I - 7 5 - 0 8  and  G I - 7 6 - 0 1 .
C r u i s e s  p r i o r  t o  t h i s  e m p lo y e d  L o r a n - A  w h i c h  w a s  deemed t o o  i m p r e c i s e  f o r  
t h i s  me thod  o f  a n a l y s i s .  The n u m b e r  a n d  b i o m a s s  o f  £ .  c h e s t e r i  p e r  
1000 was  o b t a i n e d  f o r  t h e s e  c r u i s e s .
Data  f o r  l a t i t u d i n a l  d i s t r i b u t i o n  w e re  o b t a i n e d  f ro m  g r o u n d f i s h  
c r u i s e s  on  N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e  ( G r o s s l e i n ,  1 969 )  a n d  
F i s h e r i e s  R e s e a r c h  B o a r d  o f  Canada  ( H a l l l d a y  a n d  K o h l e r ,  1 9 7 1 )  r e s e a r c h  
v e s s e l s  w h i c h  u s e d  o n e - h a l f  h o u r  t o w s  w i t h  e i t h e r  a  ^36 Y an k ee  o r  a #41 
o t t e r  t r a w l  i n  a  s t r a t i f i e d  ran d o m  s a m p l i n g  d e s i g n *
At s e a  m o re  t h a n  4 0 0 0  1^ . c h e s t e r i  w e r e  m e a s u r e d  t o  t h e  n e a r e s t  mm 
s t a n d a r d  l e n g t h  (Si,) e x c e p t  o n  t h e  J u n e  1973 c r u i s e  when t o t a l  l e n g t h  
(TL) was m e a s u r e d  t o  t h e  n e a r e s t  mm* TL was  c o n v e r t e d  t o  SL by  t h e  
e q u a t i o n  SL ** 0 . 9  (TL) -  8 ( r  * 0 . 9 9 ,  n = 1 1 7 ) .  On t h e  J u l y ,  S e p t e m b e r  
and J a n u a r y  c r u i s e s ,  f r e s h  w e t  w e i g h t  w a s  o b t a i n e d  t o  t h e  n e a r e s t  g ram  
on a  " D i a l - 0 - G r a m M s c a l e .  The  c o e f f i c i e n t  o f  c o n d i t i o n  f a c t o r )  w as
c a l c u l a t e d  by  t h e  e x p r e s s i o n  K « ( w e i g h t  t g ) / S L  {cm) ) x 1000  ( L a g l e r ,
i3 l_p
1 9 5 6 ) .  Sex a n d  gonad c o n d i t i o n  w e r e  t a k e n  f rom m o s t  s p e c i m e n s  u s i n g  t h e
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T a b l e  13 .
C o l l e c t i o n  d a t a  f o r  c r u i s e s  u t i l i z e d  I n  t h i s  s t u d y .
D a te  V e s s e l  Area  S am pled  Traw l  S i z e
____________________________ __________ ( L a t i t u d e  H) ._____   . (ml
J u n e  1973 R/V I s e i l n  3 6 ° 4 0 ' - 3 7 ° 1 0 '  1 3 . 7
A p r i l  1974 R/V E a s t w a r d  3 6 ° 4 0 1 - 3 7 ° 1 0 '  9 . 1
November 1974  R/V G I I U bb 36 D4 0 ' - 3 7 ° 1 0 T 1 3 . 7
J u l y  1975 R/V E a s t w a r d  9 . 1
S e p te m b e r  1975  R/V G i l l i s a  1 3 . 7
J a n u a r y  1975 R/V  C H U b b  3 6 ° 4 0 r- 3 7 ° l D T 1 3 . 7
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f o l l o w i n g  c l a s s i f i c a t i o n :
U n d i f f e r e n t i a t e d ;  gonads  bo s m a l l  a n d  n o n d e s c r i p t  t h a t  s e x  c o u l d  n o t
be  d e t e r m i n e d ;
M a le s :  Immature -  t e s t e s  e x t r e m e l y  s m a l l  and  t h r e a d l i k e ;
R e s t i n g  -  t e s t e s  w h i t e ,  o p a q u e  a n d  n o n - s w o l l e n ;
R—1 -  some s w e l l i n g  o f  t h e  t e s t e s ,  c ream y w h i t e  c o l o r ,
some s p e r m  i n  h i s t o l o g i c a l  s e c t i o n s ;
R-2 -  s p e rm  f l o w i n g  f rom  t h e  u r o g e n i t a l  o p e n i n g ;
F e m a l e s :  Immature -  o v a r i e s  s m a l l ,  p i n k  and  t r a n s l u c e n t ;
R e s t i n g  -  o v a r i e s  l a r g e r  t h a n  i m m a t u r e ,  y e l l o w i s h  and  o p a q u e ,
no eggs  o b v i o u s ;
R-1 -  o v a r i e s  s w o l l e n ,  y e l l o w  t o  w h i t e  i n  c o l o r ,  e g g s
o b v i o u s  b u t  o p a q u e ;
R-2 -  o v a r i e s  w i t h  t r a n s l u c e n t  e g g s  w h ich  f low  f r e e l y  from
t h e  u r o - g e n l t a l  o p e n i n g  w i t h  abdom ina l  p r e s s u r e ;  
Spen t  -  o v a r i e s  r e d ,  f l a c c i d  w i t h  a few r e s i d u a l  m a t u r e
e g g s  i n  c e n t r a l  lumen.
A r t i f i c i a l l y  f e r t i l i z e d  e g g s  w ere  o b t a i n e d  by m i x i n g  m a t u r e  ova  from 
a 330 mm SL f e m a le  w i t h  semen f rom  a  242 mm SL male i n  5 , 3  C s e a w a t e r .
The t r a w l  c a u g h t  s p e c im e n s  w ere  c o l l e c t e d  a t  36 4 0 . 5 ' N ,  7 4 * 3 7 , 5'W i n  792 
m of w a t e r  on 30 J a n u a r y  1976,  A f t e r  m i x in g  and a l l o w i n g  th e  e g g s  to  
s t a n d  f o r  ab o u t  5 m i n u t e s ,  t h e y  w e r e  w ashed  a n d  d e c a n t e d  i n t o  a c l e a n  
c o n t a i n e r  f i l l e d  w i t h  r e f r i g e r a t e d  ( 5 .3 * C )  s e a w a t e r .  A s u b s a m p l e  was 
removed a p p r o x i m a t e l y  20 min a f t e r  f e r t i l i z a t i o n  and  p r e s e r v e d  In  5% 
3 e a w a t e r —form al  in  a n d  m e asu re d  i n  t h e  l a b o r a t o r y  w i t h  a c a l i b r a t e d  o c u l a r  
m i c r o m e t e r .  O v a r i e s  from r i p e n i n g  f e m a l e s  w e r e  t a k e n  a t  s e a ,  w e ig h e d  t o  
t h e  n e a r e s t  g a n d  p l a c e d  in  G i l s o n ' s  s o l u t i o n  { B a g e n a l ,  1 9 6 7 ) .  I n  t h e
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l a b o r a t o r y  f e c u n d i t y  e s t i m a t e s  were  made a c c o r d i n g  t o  t h e  p r o c e d u r e s  
o u t l i n e d  i n  Wenner and Mustek  (1973 ) .  A r e p r e s e n t a t i v e  s e r i e s  o f  o v a r i e s  
and t e s t e s  were  removed and  f i x e d  In  B o u l t s  a n d / o r  D a v i d s o n ' s  f i x a t i v e  
f o r  r o u t i n e  h i s t o l o g i c a l  e x a m i n a t i o n  u t i l i z i n g  H a r r i s - h e m a t o x y l l n  e o s i n  
s t a i n .
A r e p r e s e n t a t i v e  s e r i e s  o f  o t o l i t h s  ( s a g l t t a e )  c o v e r i n g  t h e  s i z e - s e x  
d i s t r i b u t i o n  were  removed a t  sea  and s t o r e d  in  70% g l y c e r i n e - 30% e t h y l  
a l c o h o l .  In  t h e  l a b o r a t o r y  t h e s e  were  mounted  on c a r d b o a r d  s q u a r e s  w i t h  
p a r a f i n  and  t h i n  s e c t i o n s  w e re  made t h r o u g h  t h e  n u c l e u s  w i t h  an " I s o m e t "  
Model 1 1 -1130  low s p e e d  saw equ ipped  w i t h  diamond b l a d e s  ( B u e h l e r  L t d . ,  
2120 Greenwood S t . ,  E v a n s t o n ,  111, 6 0 2 0 4 ) .  These s e c t i o n s  w e re  v i e w e d  
u n d e r  a v a r i e t y  o f  l i g h t i n g  c o n d i t i o n s  and m a g n i f i c a t i o n s  i n  an a t t e m p t  
t o  e l u c i d a t e  age m a rk s .
M e r i a t i c  c o u n t s  w e re  t a k e n  from e i t h e r  c l e a r e d  and s t a i n e d  s p e c im e n s  
( T a y l o r ,  1967)  o r  x - r a y  p h o to g ra p h s  o f  f i a h e a  which w e r e  c o l l e c t e d  from 
a e v e r a l  l o c a l e s  on t h e  A t l a n t i c  c o a s t  o f  N or th  Amer ica  { T a b l e  1 4 ) ,  These  
w e r e  d i v i d e d  i n t o  4 t r e a t m e n t  groups  b a s e d  on  l a t i t u d e  and t e s t e d  by  
a n a l y s i s  o f  v a r i a n c e  t o  d e t e r m i n e  i f  s i g n i f i c a n t  d i f f e r e n c e s  were  p r e s e n t  
f o r  t h e  m e r i s t i c  c h a r a c t e r s  from v a r i o u s  l o c a l e s .
T w e n t y - f o u r  s to m a c h s  o f  P.  c h e s t e r i  r a n g i n g  i n  s i z e  from 1 4 2-222  mm 
SL (x  ■ 162) from t h e  u p p e r  c o n t i n e n t a l  a l o p e  (230 -2 5 6  m) o f f  t h e  c o a s t  
o f  Nova S c o t i a  < 4 2 * 2 0 . 7 ’N, 6 0 * 4 3 ,5 ’W) w e re  examined  f o r  food  i t e m s .  A 
t o t a l  o f  19 (79%) c o n t a i n e d  food i t e m s  and  w ere  i n c l u d e d  i n  t h e  a n a l y s i s .  
F r e q u e n c y  o f  o c c u r r e n c e ,  n u m e r i c a l  p e r c e n t a g e  and v o l u m e t r i c  p e r c e n t a g e  
( s e e  S e d b e r r y  and M u s lck ,  1978) were  o b t a i n e d  and t h e  In d ex  o f  r e l a t i v e  
i m p o r t a n c e  (1RI) was c a l c u l a t e d  ( P in k a s  e ^  ad_., 1 9 7 1 ) .
The v a r i a n c e s  o f  t h e  number and b i o m a s s  o f  P_. c h e s t e r i  c a u g h t  p e r
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T a b l e  14 .
C o l l e c t i o n  d a t a  f o r  P h y c l e  c h e s t e r i  u s e d  In m e r l e t l c  a n a l y s i s -
T r e a t m e n t
Group
L a t i t u d e
(N)
L o n g i t u d e
(W)
Depth  (m) Number
1 4 6 ° 0 3 . 3 ' 5 8 ° 3 1 .5* 292-311 4
4 3 ° 2 0 . 1* 60°43 ,5* 230-256 26
2 39°35* 7 3 °0 5 ’ 360 26
3 3 8 ° 0 4 - 5 * 7 3 ° 4 1 . 4 T 490-590 15
37°53* 73°54 ’ 732-1280 7
4 37 d0 9 1 74°34 * 270 10
3 7 °0 7 .5 * 74°32 ’ 534 7
37 g0 3 ’ 7 4 ° 3 5 r 549-1005 10
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h a l f  h o u r  tow w e r e  g r e a t e r  t h a n  t h e  mean;  t h e r e f o r e ,  t h e  d a t a  w e re  
p r o c e s s e d  a f t e r  a l o g  (x  + 1) t r a n s f o r m a t i o n  ( E l l i o t t ,  1 9 7 1 ) .  A l l  
s t a t i s t i c a l  p r o c e d u r e s  e x c e p t  c o v a r i a n c e  a n a l y s i s  w ere  c a r r i e d  o u t  on an  
IBM-36G c o m p u te r  u t i l i z i n g  p ro g ra m s  I n  t h e  S t a t i s t i c a l  P a c k a g e  f o r  th e  
S o c i a l  S c i e n c e s  ( S t e  £ £ £ 1 * .  1975)*
R e s u l t s
M e r i s t i c  C h a r a c t e r s :
A n a l y s t s  o f  v a r i a n c e  showed no s i g n i f i c a n t  d i f f e r e n c e s  a t  t h e  95£ 
l e v e l  i n  t h e  f o l l o w i n g  m e r i s t i c  c h a r a c t e r s  from t h e  4 a r e a s  ( s e e  T a b l e  
1 4 ) :  t o t a l ,  p r e c a u d a l  a n d  c a u d a l  v e r t e b r a e ;  f i r s t  d o r s a l ,  s e c o n d  d o r s a l ,
a n a l  and c a u d a l  f i n  r a y s ;  t o t a l  and e p i b r a n c h i a l  g i l l  r a k e r s  on t h e  f i r s t  
a r c h .  Only  p e c t o r a l  f i n  r a y s  w e re  s i g n i f i c a n t l y  d i f f e r e n t  (F ^ 4 . 3 0 ,  
d f  ■ 3, 93 )  b e t w e e n  a r e a s .  S c h e f f e ’ s l i n e a r  c o n t r a s t  to  i s o l a t e  mean 
d i f f e r e n c e s  showed t h a t  C a n a d i a n  s p e c im e n s  (Group 1) had  s i g n i f i c a n t l y  
more p e c t o r a l  f i n  r a y s  t h a n  t h e  r e m a i n d e r .  Summaries  o f  m e r i s t i c  
c h a r a c t e r s  a r e  i n  T a b l e  15.
L a t i t u d i n a l  D i s t r i b u t i o n :
D u r i n g  t h e  c o u r s e  o f  F i a h e r i e s  R e s e a r c h  Board o f  C anada  g r o u n d f i s h  
i n v e s t i g a t i o n s  f rom  1971 t o  1974 ,  P h y c i s  c h e s t e r i  was c o l l e c t e d  f rom  90 
t o  500 m ( t h e  d e e p e s t  t r a w l  s t a t i o n )  a l o n g  t h e  A t l a n t i c  c o a s t  o f  C anada .  
A l l  b u t  t h r e e  o f  t h e  r e c o r d s  w e r e  In d e p t h s  beyond  t h e  183 m (1 0 0  fm) 
i s o b a t h  ( F i g .  5 7 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  3 t r a w l s  i n  t h e  two 
d e p r e s s i o n s  g r e a t e r  t h a n  183 m i n  t h e  S c o t i a n  s h e l f  b e t w e e n  43* a n d  44*N 
r e s u l t e d  i n  t h e  c a p t u r e  o f  P h y c i s  c h e s t e r i .
F h y c i s  c h e s t e r i  w as  t r a w l e d  In  t e m p e r a t u r e s  from 2 . 3  t o  10 .5*C  w i t h  
maximum c a t c h e s  b e t w e e n  5 a n d  9*C; 9 1 . 4K o f  t h e  t r a w l s  w h i c h  c o l l e c t e d
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T a b l e  15.
Summary o f  m e r i s t i c  c h a r a c t e r s  f rom F h y c l a  c h e s t e r i  c o l l e c t e d  a l o n g  t h e  
e a s t  c o a s t  o f  N o r t h  A m e r i c a .  t>CL a n d  UCI. ■ lower  and  u p p e r  95% 
c o n f i d e n c e  l i m i t s .
C h a r a c t e r Mean LCL tfCL Ext rem es N
v e r t e b r a e 4 9 . 3 4 9 . 1 4 9 .5 45-52 105
p r e c a u d a l  v e r t e b r a e 14.  7 1 4 . 6 1 4 .8 13-16 104
c a u d a l  v e r t e b r a e 3 4 . 6 3 4 .4 34 ,8 31-37 104
f i r s t  d o r s a l  f i n  r a y s 9 , 6 9 . 5 9 . 7 0-11 103
s e c o n d  d o r s a l  f i n  r a y s 5 4 .9 5 4 . 5 55 .4 50-63 102
a n a l  f i n  r a y s 4 8 . 5 4 8 . 1 5 0 .0 43-53 100
c a u d a l  f i n  r a y s 32 .1 3 1 . 8 32 .4 28-35 93
p e c t o r a l  f i n  r a y s 15.  7 1 5 . 5 15 .9 14-17 97
g i l l  T a k e r s  f i r s t  a r c h 1 9 .4 1 9 . 1 19 .6 17-24 94
e p i b r s n c h i a l  g i l l  r a k e r s  
f i r s t  a r c h
4 . 2 4 .  1 4.  3 4-5 94
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F i g u r e  57 .  L o c a t i o n s  f o r  t r a w l s  w h i c h  s u c c e s s f u l l y  c o l l e c t e d  P h y c i s  
c h e s t e r i  d u r i n g  F .H ,B .C .  g r o u n d f l s h  c r u i s e s .
46*H
4 4*
66"6 8 62 60'
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F;. c h e s t e r i  f e l l  w i t h i n  t h o s e  t e m p e r a t u r e s .
G r o u n d f i s h  I n v e s t i g a t i o n s  c o n d u c t e d  b y  t h e  N.M.F.S* f ro m  t h e  Gulf  
a f  M a i n e  t o  t h e  a r e a  J u s t  n o r t h  o f  Cape H a t t e r a s  c o l l e c t e d  P_. c h e a t e r !  
a l o n g  t h e  e d g e  o f  t h e  c o n t i n e n t a l  s h e l f  a n d  u p p e r  p o r t i o n  o f  t h e  c o n t i ­
n e n t a l  s l o p e  ( F i g .  58 )*  I n  t h e  a r e a  b e t w e e n  40* and  4 3 "n ,  F h y c i a  was 
t a k e n  f r o m  125 t o  a t  l e a s t  370  m ( d e e p e s t  t r a w l )  i n  t e m p e r a t u r e s  from 
5 t o  1 2 "c w i t h  85% o f  t h e  c a t c h e s  c o m in g  f ro m  200 t o  370 m. S o u th  of  
4Q*N, c h e s t e r i  w as  t r a w l e d  In  d e p t h s  f ro m  205 t o  a t  l e a s t  360 m (6 -
13*C) w i t h  95% o f  t h e  c a t c h e s  o c c u r r i n g  In  d e p t h s  g r e a t e r  t h a n  280 m*
P l o t s  o f  t h e  mean l o g  ( n u m b e r  + 1 )  p e r  0 , 5 - h  o t t e r  t r a w l  g r o u p e d  I n t o
50 m d e p t h  o f  c a p t u r e  i n t e r v a l s  a r e  i n  F i g u r e  59 .
N o r f o l k  Canyon  D i s t r i b u t i o n  a n d  A b u n d a n c e :
P h y c i s  c h e s t e r i  was c o l l e c t e d  f ro m  160 t o  1290 m In  t h e  N o r f o l k  
Canyon  a r e a  ( F i g .  6 0 ) .  A n a l y s i s  o f  v a r i a n c e  p e r f o r m e d  on t h e  l o g  (N + 1 )  
a n d  l o g  ( B io m a s s  + 1} t r a n s f o r m e d  c a t c h e s  p e r  h a l f - h o u r  tow g r o u p e d  i n t o  
100 m d e p t h  o f  c a p t u r e  i n t e r v a l s  showed  s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  
t r a n s f o r m e d  number  (F = 2 6 . 5 ,  d f  ■ 6 ,  86 )  a n d  b i o m a s s  (F  =* 4 3 . 6 ,  d f  *= 8 ,  
86 )  c a u g h t  p e r  h a l f - h o u r  t o w .  S c h e f f e ’ s  l i n e a r  c o n t r a s t  t o  d e t e c t  s i g n i ­
f i c a n t  d i f f e r e n c e s  b e t w e e n  t r e a t m e n t  means  showed t h a t  t h e  s h a l l o w e r  d e p t h s  
( 1 0 0 - 1 9 9  m, 2 0 0 - 2 9 9  tn) h a d  s i g n i f i c a n t l y  f e w e r  P h y c i s  t h a n  d e p t h s  from 
400  t o  8 0 0  m. The  b i o m a s s  o f  P h y c i s  w as  a l s o  s i g n i f i c a n t l y  l e s s  In th e  
s h a l l o w e r  p a r t  o f  t h e  s p e c i e s  d e p t h  r a n g e  i n  N o r f o l k  Canyon ( T a b l e  16) . 
P h y c i s  c h e s t e r i  w as  t r a w l e d  w here  b o t t o m  t e m p e r a t u r e s  r a n g e d  f ro m  4 .2  t o  
1 2 . 0 * C ,  h o w e v e r ,  t h e  l a r g e s t  and  m o s t  c o n s i s t e n t  c a t c h e s  came from 4 .2  t o  
9 , 3 ' C  ( F i g .  6 1 ) .
F h y c i s  makes  up f rom 0-63% a n d  (K87% o f  t h e  number  and  b i o m a s s  of  
b e n t h i c  f i s h e s  c a u g h t  i n  I n d i v i d u a l  t r a w l s  f rom 160 t o  1300 m n e a r  N or fo lk
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F i g u r e  5 8 ,  L o c a t  l o o s  f o r  t r a w l s  w l i i c h  s u c c e s s f u l l y  c o l l e c t e d  Phyc  I s  
Chester1 d u r i n g  N - M . F .S .  g r o u n d f i s h  s u r v e y s .
4 4 °
5 6 '
72*
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F i g u r e  5 9 .  Mean l e g  (n u m b e r  + 1)  p e r  0 . 5 - h  b o t t o m  t r a w l  F o r  _P. c h e a t e r i  
g r o u p e d  i n t o  50 m d e p t h  o f  c a p t u r e  i n t e r v a l s  f o r  t h r e e  g e o ­
g r a p h i c  a r e a s .  N u m e r a t o r  i n  f r a c t i o n  “  n um be r  o f  t r a w l s  
t h a t  c o l l e c t e d  P h y c i s  j d e n o m i n a t o r  = t o t a l  n u m b e r  o f  t r a w l s  
i n  t h a t  i n t e r v a l .  V a l u e  i n  p a r e n t h e s i s  * mean b o t t o m  
t e m p e r a t u r e  (*C)  For t h e  d e p t h  i n t e r v a l .
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F ig u re  60 P l o t s  o f  t h e  t r a n s f o r m e d  number ( u p p e r )  and  b lo m as a  ( l o w e r )  
o f  F h y e i a  c h e s t e r i  c a u g h t  p e r  0 . 5 - h  1 3 . 7  m o t t e r  t r a w l  in  
t h e  N o r f o l k  Canyon a r e a .
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F i g u r e  6 1 .  C a t c h  o f  P h y c i s  c h e s t e r i  p e r  0 , 5 - h  1 3 . 7  m o t t e r  t r a w l  a s  a 
f u n c t i o n  o f  b o t t o m  t e m p e r a t u r e  ( C ) ,
M
011 -S-O/fl + H3BMOM) 
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30
BOTTOM TEMPERATURE tC°)
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Canyon* T h i s  s p e c i e s  I s  a  l e s s  i m p o r t a n t  member o f  t h e  f i s h  community a t  
t h e  e x t r e m e s  o f  I t s  d e p t h  d i s t r i b u t i o n  and a p p e a r s  most  i m p o r t a n t  from 400 
t o  1000 m (Fig* 6 2 ) .
2The number o f  P h y c I s  c h e s t e  r i  c au g h t  p e r  1000 m s a m p l e d  w as  g r e a t e s t  
b e t w e e n  400  and 699  m w hich  a l s o  c o i n c i d e d  w i t h  t h e  l a r g e s t  v a l u e s  f o r  th e  
w e i g h t  o f  P h y c i s  p e r  1000 m2 (T a b l e  17) ,  I t  s h o u l d  be  p o i n t e d  o u t  t h a t  
t h e s e  e s t i m a t e s  a r e  c r u d e  a s  th e  m e th o d o lo g y  used c a n n o t  e s t i m a t e  th e  p r e ­
c i s e  a r e a  w h ich  w as  c o v e r e d  by t h e  t r a w l .  The  a r e a  s a m p le d  w as  o b t a i n e d  
f rom  t h e  p r o d u c t  o f  t h e  s w a t h  o f  t h e  n e t  a n d  th e  d i s t a n c e  t r a w l e d .  The 
e s t i m a t e  o f  t h e  d i s t a n c e  c o v e r e d  d u r i n g  a  t r a w l  was  b a s e d  on  t h e  assump­
t i o n  t h a t  t h e  n e t  began  f i s h i n g  a s  soon a s  t h e  n e t  was s e t  end o f  w i r e  
p a y - o u t )  and  B tn p p e d  f i s h i n g  as soon  as  w i r e  r e t r i e v a l  s t a r t e d *  Both 
a s s u m p t i o n s  a r e  p r o b a b l y  n o t  t r u e  e s p e c i a l l y  i n  d e e p e r  w a t e r  w h e r e  a 
g r e a t e r  amount o f  t r a w l  w i r e  la  a e t  ou t  and  t h e  n e t  I s  f u r t h e r  b e h in d  th e  
s h i p .  However ,  t h e  numbers  p r o v i d e d  i n  t h e  t a b l e  c a n  be  u t i l i z e d  a s  a 
s t a r t i n g  p o i n t  f o r  f u t u r e  i n v e s t i g a t i o n s .
Age ,  S i z e  and S l z e - D e p t h  R e l a t i o n s :
An a t t e m p t  t o  a s c e r t a i n  t h e  a g e  o f  P. c h e s t e r i  by e x a m i n i n g  t h i n  
s e c t i o n s  o f  o t o l i t h s  p r o v e d  f r u i t l e s s *  R in g s  w ere  p r e s e n t ,  b u t  th e y  w ere  
v a r i a b l e ,  l n  many i n s t a n c e s  f a i n t  a n d  r e p l i c a t e  c o u n t s  o f  t h e  same s e c ­
t i o n  g a v e  d i f f e r e n t  r e s u l t s *  John F i t c h  ( C a l i f .  F i s h  Came) e x a m in e d  a 
r e p r e s e n t a t i v e  s e r i e s  o f  t h e s e  o t o l i t h s  a t  h i s  l a b o r a t o r y  a n d  a g r e e d  t h a t  
o t o l i t h s  o f  c h e s t e r i  a r e  no t  s u i t a b l e  f o r  age d e t e r m i n a t i o n .
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  f o r  c h e s t e r i  on t h e  A t l a n t i c  c o a s t  
o f  Canada  I s  i n  F i g u r e  6 3 .  The s m a l l e s t  s p e c i m e n s  t a k e n  w e r e  4 cm SL 
w h i l e  t h e  l a r g e s t  w e re  34 cm* When i n d i v i d u a l  l e n g t h s  w ere  p l o t t e d  
a g a i n s t  d e p t h  o f  t r a w l  i t  was o b s e r v e d  t h a t  i n d i v i d u a l s  s m a l l e r  t h a n  10
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F i g u r e  6 1* C o n t r i b u t i o n  o f  Fhyc  i s  c h e a t e r !  i n  p e r c e n t  o f  t o t a l  c a t c h  t o  
t h e  b e n t h i c  f i s h  c o m m u n i ty  i n  0 . 5 - h  1 3 . 7  m o t t e r  t r a w l  
s a m p l e s  i n  t l i e  N o r f o l k  Canyon a r e a  ( -  3 7 *N),
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L e n g t h * f r e q u e n c y  d i s t r i b u t i o n  f o r  P h y c i B  c h e s t e r l  c o l l e c t e d  
o n  t h e  A t l a n t i c  c o a s t  o f  C a n a d a .
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cm SL w e r e  f o u n d  b e t w e e n  90 a n d  300  m. When t h e  S L ’ s w ere  p o o l e d  i n t o  
50 m d e p t h  o f  c a p t u r e  I n t e r v a l s  f rom  200 t o  499 m, a n a l y s i s  o f  v a r i a n c e  
s how e d  a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  mean s i z e s  o f  I n d i v i ­
d u a l s  f r o m  d i f f e r e n t  d e p t h s  (F * 7 4 . 0 ,  d f  ■ 5 ,  1 7 0 4 ) .  S c h e f f e ' s  l i n e a r  
c o n t r a s t  t o  d e t e c t  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t r e a t m e n t  m eans  showed 
4 s i z e  g r o u p s  ( F i g .  6 4 ) .  F i a h e s  b e l o w  350 in a l l  fo rm ed  one homogeneous  
g r o u p ,  w h i l e  t h e  s h a l l o w e r  g r o u p s  w e re  a l l  s i g n i f i c a n t l y  d i f f e r e n t  a t  
t h e  95% l e v e l .
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  f o r  P_. c h e s t e r i  c o l l e c t e d  i n  t h e  
N o r f o l k  Canyon  a r e a  f o r  a l l  c r u i s e s  u t i l i z i n g  t h e  1 3 . 7  m t r a w l  i s  
d i s p l a y e d  i n  F i g u r e  65 .  When l e n g t h  f r e q u e n c i e s  a r e  s e p a r a t e d  by month 
o f  c o l l e c t i o n  ( F i g .  66 )  t h e  J u n e  c r u i s e  c o l l e c t e d  s m a l l  i n d i v i d u a l s  f f ro m  
3 t o  7 cm SL) w h i c h  w e r e  n o t  p r e s e n t  d u r i n g  o t h e r  c r u i s e s  shown. However ,  
t h e  A p r i l  1974  R/V E a s t w a r d  c r u i s e  c o l l e c t e d  17 s p e c i m e n s ,  r a n g i n g  In s i z e  
f r o m  37 t o  61 mm SL Ox -  50 )  a t  a  d e p t h  o f  307 m ( 1 0 . 2 * C  ■ b o t t o m  te m p e r ­
a t u r e )  a t  3 6 * 5 8 f N, 7 4 ' 3 8 . 5 ‘W. T h i s  may r e p r e s e n t  t h e  s i z e  and  s e a s o n  a t  
w h i c h  J u v e n i l e  P_. c h e s t e r l  become a v a i l a b l e  t o  b o t t o m  t r a w l e ,
P h y c i s  s h o w s  an  i n c r e a s e  i n  s i z e  w i t h  g r e a t e r  d e p t h s  of  c a p t u r e  from 
t h e  1 0 0 - 1 9 9  m d e p t h  I n t e r v a l  t o  t h e  3 0 0 -3 9 9  tn d e p t h  I n t e r v a l *  A n a l y s i s  
o f  v a r i a n c e  p e r f o r m e d  on  t h e  s t a n d a r d  l e n g t h s  p o o l e d  i n t o  100 m d e p t h - o f -  
c a p t u r e  i n t e r v a l s  show ed  a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  {E = 4 4 6 . 8 ,  
d f  =* 8 ,  4 1 6 1 )  I n  mean s i z e s  a t  d i f f e r e n t  d e p t h s .  S m a l l e r  f i a h e s  w e re  found  
i n  s h a l l o w e r  w a t e r .  Mean s i z e  i n c r e a s e d  u n t i l  400  m a f t e r  w h ich  t h e r e  
w as  e s s e n t i a l l y  o n e  s i z e  g r o u p  ( F i g .  6 7 ) .
L e n g t h - w e i g h t  a n d  C o n d i t i o n !
A n a l y s i s  o f  c o v a r i a n c e  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  r e g r e s s i o n  
c o e f f i c i e n t s  ( F  ■ 8 * 4 3 ,  d f  ■ 1 ,  908)  and a d j u s t e d  means  (F = 1 7 , 3 9 ,  d f  =
142
F i g u r e  64. S i z e - d e p t h  r e l a t i o n  f o r  P h y c i s  c h e s t e r l  on  t h e  A t l a n t i c  c o a s t
o f  C an ad a .  Number t o  t h e  l e f t  o f  r a n g e  ™ n u m b e r  o f  f i s h  c o l ­
l e c t e d  I n  t h a t  d e p t h  i n t e r v a l ;  v e r t i c a l  l i n e s  t o  r i g h t  d e n o t e
s i z e  d i f f e r e n c e s  b e t w e e n  d e p t h s *  See  t e x t  f o r  d e t a i l s .
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F i g u r e  6 5 .  L e n g th  f r e q u e n c y  d i s t r i b u t i o n  f o r  a l l  c r u i s e s  o f  P l iyc is
c h e s t e r i  c o l l e c t e d  i n  N o r f o l k  Canyon w i t h  1 3 . 7  m o t t e r  t r a w l s .
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F i g u r e  6 6 . L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  P h y c l a  c h e a t e r !  In t h e  N o r f o l k  
Canyon a r e a  w i t h  1 3 . 7  m o t t e r  t r a w l s  by month  o f  c o l l e c t i o n .
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F i g u r e  67 ,  S t z e - d e p t h  r e l a t i o n  f o r  a l l  c r u i s e s  I n  t h e  N o r f o l k  Canyon 
a r e a .  Number I n  p a r e n t h e s i s  t o  t h e  l e f t  o f  t h e  h o r i z o n t a l  
l i n e s  -  n u m b e r  o f  I n d i v i d u a l s  i n  d e p t h  i n t e r v a l ;  v e r t i c a l  
l i n e s  a t  r i g h t  show a i g n i f i c a n t l y  d i f f e r e n t  s i z e  g r o u p s .  
See  t e x t  f o r  d e t a i l s .
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1* 909)  f o r  t h e  i e n g t h - w e i g h t  r e l a t i o n s  f o r  m a l e s  and  f e m a l e s .  The 
e q u a t i o n s  a r e :
m a l e s :  l o g  w e i g h t  (g)  ■ 3 .3182  ( l o g  SL mm) -  5 . 8 3 8 2  ( r  -  0 . 9 9 )
f e m a l e s :  l o g  w e i g h t  (g )  ■ 3 .2 3 9 4  ( l o g  SL mm) -  5 . 6 7 9 6  ( r  -  0 , 9 9 )
Males  w e re  s l i g h t l y  h e a v i e r  th a n  f e m a l e s  o f  t h e  same l e n g t h  o v e r  t h e  same 
s i z e  r a n g e .  The l e n g t h - w e i g h t  r e l a t i o n s h i p  f o r  a l l  s p e c i m e n s  i s  in  
F i g u r e  6 8 ,
The c o n d i t i o n  f a c t o r  showed a r e l a t i o n s h i p  w i t h  t h e  s t a g e  o f  t h e  
g o n a d .  U n d i f f e r e n t i a t e d  J*. C h e s t e r !  a l o n g  w i t h  im m atu re  m a l e s  and 
f e m a l e s  h a d  t h e  l o w e s t  v a l u e s  w h e r e a s  t h e  h i g h e s t  v a l u e s  w e r e  o b t a i n e d  in  
R-2 f e m a l e s  ( F i g .  6 9 ) .  The v a l u e s  f o r  s p e n t  f e m a l e s  w e re  o n l y  s l i g h t l y  
h i g h e r  t h a n  t h o s e  f o r  im mature  and  r e s t i n g  f e m a l e s .  T hus ,  t h e  g e n e r a l  
r o b u s t n e s s  o f  F h y c i s  c h e s t e r i  i s  c l o s e l y  a s s o c i a t e d  w i t h  t h e  g o n a d a l  
c y c l e .
F h y c i s  c h e s t e r i  i s  a l a t e  a u t u m n - e a r l y  w i n t e r  sp a w n e r  on t h e  c o n t i ­
n e n t a l  s l o p e  o f f  t h e  V i r g i n i a  c o a s t  ( -  37*N),  The i n i t i a t i o n  o f  gonad 
m a t u r a t i o n  was  f i r s t  o b s e r v e d  iti J u n e  ( T a b l e  18 )  when 8,53J o f  t h e  f e m a l e s  
p o s s e s s e d  R - l  o v a r i e s .  The p e r c e n t a g e  i n c r e a s e d  i n  S e p te m b e r  to  a h i g h  
i n  November w h e r e a s  t h e  f i r s t  R-2 f e m a l e s  w e re  e n c o u n t e r e d  i n  S e p t e m b e r .  
S p a w n in g  b e g i n s  in  l a t e  S ep te m b er  and i s  c o m p l e t e d  by A p r i l  w i t h  p e a k  
r e p r o d u c t i o n  p r o b a b l y  o c c u r r i n g  i n  December and  J a n u a r y .  A n a l y s i s  o f  t h e  
d e p t h  d i e t  r l b u t  i o n  o f  t h e  v a r i o u s  m a t u r i t y  s t a g e s  s h o w e d  t h a t  i t i  November 
R-2 a n d  s p e n t  f e m a l e s  w e re  e n c o u n t e r e d  f rom  500  t o  1000 m on t h e  c o n t i ­
n e n t a l  s l o p e  w h e r e a s  i n  J a n u a r y  th e y  w e r e  found  f rom  300 t o  900 m. The 
s a m p l i n g  was n o t  i n t e n s i v e  enough t o  d e l i n e a t e  an  a r e a  o r  z o n e  on t h e  
c o n t i n e n t a l  s l o p e  w here  maximum s p a w n in g  t a k e s  p l a c e .
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F i g u r e  6 S* L e n g t h - v e i g h t  r e l a t i o n  f o r  F h y c i s  c h e s t e r i  f rom t h e  N o r f o l k  
Canyon a r e a .
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F i g u r e  6 9 ,  C o n d i t i o n  f a c t o r  = w e i g h t  ( g ) / S L 3 (cm) x 1000) f o r  s e x e s
and  m a t u r i t y  s t a g e s  f rom N o r f o l k  Canyon,  Number In  p a r e n t h e ­
s i s  I s  t h e  s a m p l e  s i z e  f o r  t h a t  c a t e g o r y .
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A n a l y s i s  o f  v a r i a n c e  sh o v ed  a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  i n  s i z e  
a t  s e x u a l  m a t u r i t y  b e tw e e n  m a le s  ( R - l ,  R -2 )  and  f e m a l e s  ( R - l ,  R -2 ,  s p e n t )  
(F  ■ 2 0 9 8 . 4 ,  d f  -  1,  1034)* L e n g t h  s t a t i s t i c s  {SL mm) f o r  t h e s e  s e x u a l l y  
m a t u r e  £ .  c h e s t e r i  a r e :
N x 95% LCL 95% UCL E x t re m e s
Male 431 224 221 226 145-330
Female  1405 292 291 293 205-390
F e c u n d i t y :
The o v a ry  made up an a v e r a g e  o f  7.8% (N = 61 )  o f  t h e  t o t a l  w e i g h t  o f  
R - l  F h y c i s  c h e s t e r i . In g e n e r a l  a c c u r a t e  e s t i m a t e s  c o u l d  n o t  be  o b t a i n e d  
f rom  R-2 o v a r i e s  b e c a u s e  t h e  r e d u c t i o n  o f  p r e s s u r e  d u r i n g  h a u l  b a c k  o f  
t h e  t r a w l  c a u s e d  marked e x p a n s i o n  o f  t h e  s w i m b l a d d e r  r e s u l t i n g  i n  t h e
l o s s  o f  o v a r i a n  t i s s u e  t h r o u g h  t h e  g e n i t a l  o p e n i n g .  However,  f o r  f i s h
w i t h  i n t a c t  o v a r i e s  and  t r a n s l u c e n t  e g g s  ( R - 2 ) ,  t h e  o v a r i e s  made up 20.2% 
o f  t h e  t o t a l  w e i g h t  o f  t h e  f i s h  ( e x t r e m e s -  I B . 0 - 2 1 . 9 % ) .  The o v a r i a n  
w e i g h t - S L  and  t h e  o v a r i a n  w e i g h t - t o t a l  w e i g h t  r e l a t i o n s h i p s  a r e :
l o g  o v a r i a n  w e i g h t  (g)  -  3 .4 7 5  l o g  SL (mm) -  7 ,2 8 6  n -  78
l o g  o v a r i a n  w e i g h t  (g)  "  1 * 2 0  l o g  t o t a l  w e i g h t  (g)  -  1 .5 4  n = 78
F o r t y - f o u r  p e r c e n t  o f  t h e  v a r i a t i o n  i n  o v a r i a n  w e i g h t  c a n  be a t t r i b u t e d  
to  c h a n g e s  i n  SL w h e r e a s  55% o f  t h e  v a r i a t i o n  i n  o v a r i a n  w e i g h t  l a  
a s s o c i a t e d  w i t h  c h a n g e s  i n  t o t a l  w e i g h t .
F e c u n d i t y - S L  and  f e c u n d i t y - t o t a l  w e i g h t  r e l a t i o n s  a r e  in  F i g u r e  70. 
C o e f f i c i e n t s  o f  d e t e r m i n a t i o n  ( r ^  x 100%) ahow t h a t  40 a n d  56% o f  t h e  
v a r i a t i o n  i n  f e c u n d i t y  i s  a s s o c i a t e d  w i t h  c h a n g e s  i n  SL and t o t a l  w e i g h t  
r e s p e c t i v e l y .  The minimum o b s e r v e d  f e c u n d i t y  was 1 1 0 , 5 5 0  f o r  a 252 mm 
IL c h e s t e r i  and t h e  maximum was 1 , 3 0 5 , 7 0 0  f o r  a  361 mm SL f i s h .
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F i g u r e  70- F e c u n d i t y - S L  a n d  f e c u n d i t y  t o t a l  w e i g h t  r e l a t i o n e  f o r  F h y c j a  
c h e a t e r !  f r o m  t h e  N o r f o l k  Canyon  a r e a .
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Gonad M orphology  and H i s t o l o g y t
The paired testes a r e  s i m p l e  i n  s t r u c t u r e  and  relatively s m a l l  i n  
s i z e  e v e n  i n  m a t u r e  PhyciB c h e s t e r i . In a 232 mm SL f i s h ,  t h e y  w e r e  
dorso-ventrally f l a t t e n e d ,  5 to 7 mm in w i d t h ,  and 42 mm lo n g  ( F i g .  7 1 ) .  
In  comparison w i t h  t h e  t e s t e s  o f  other g a d i d  g e n e r a  shown In V lad y k o v  
( 1 9 7 2 ) ,  those o f  P^ . c h e s t e r i  most closely r e s e m b l e  t h o s e  o f  t h e  b u r b o t ,  
L a t a  l o t a  and bear little r e s e m b l a n c e  to  those o f  U r o p h y c i s  c h u s s  ( s e e  
V ladykov ,  1972,  F i g .  2 ) .
The o v a r i e s  h a v e  a t y p i c a l  g a d i d  s h a p e ,  b e i n g  p a i r e d  f i n g e r - l i k e  
p r o j e c t i o n s  s u s p e n d e d  by m e s e n t e r y  from t h e  d o r s a l  s u r f a c e  o f  t h e  
p e r i t o n e a l  c a v i t y .  T hese  f u s e  t o g e t h e r  a n t e r i a d  o f  t h e  a n u s  and  e x i t  
t h ro u g h  th e  u r o g e n i t a l  o p e n i n g .
In  A p r i l  P, c h e s t e r i  had  r e s t i n g - r e c o v e r l n g  o v a r i e s  w h ic h  w e re  
f i l l e d  w i t h  im m a tu re  o o c y t e s  a v e r a g i n g  0 , 0 9  mm In  l o n g e s t  d i a m e t e r  
( e x t r e m e s :  0 . 0 6 - 0 , 1 1  nim) . The c y t o p l a s m  was b a s o p h i l i c  a n d  t h e  s p h e r i ­
c a l  c e n t r a l l y  l o c a t e d  n u c l e u s  was 0 . 0 5  mm i n  d i a m e t e r  w i t h  f i n e l y  
g r a n u l a r  b a s o p h i l i c  n u c l e o p l a s m  ( F i g .  72A) . T h e re  w ere  no y o l k  g r a n u l e s  
and t h e  egg  membranes  w ere  n o t  d e v e l o p e d .  Seven  o f  t h e  10 f e m a l e s  
examined  h i s t o l o g i c a l l y  i n  A p r i l  h a d  a t r e t i c  f o l l i c l e s  s c a t t e r e d  
t h r o u g h o u t  t h e  o v a r y .  These  r e s i d u a l  o o c y t e s  f rom  t h e  p r e v i o u s  s p a w n in g  
s e a s o n  w ere  In  an  a d v a n c e d  s t a g e  o f  d e g e n e r a t i o n  w i t h  e g g  membranes  gone 
and c e l l u l a r  i n t e g r i t y  l o s t  ( F i g .  72B),  M ales  a t  t h i s  t i m e  had  s p e rm  in  
t h e  s e m i n i f e r o u s  t u b u l e s  b u t  t h e r e  was an a b s e n c e  o f  s p e r m a t o c y t e s  and 
s p e r m a t i d s  s h o w in g  t h a t  t h e s e  s p e rm  w ere  r e s i d u a l  f rom  t h e  p r e v i o u s  
spawning .
H i s t o l o g i c a l  s e c t i o n s  o f  o v a r i a n  t i s s u e  from J u n e  c o l l e c t e d  
c h e s t e r i  showed a v a r i e t y  o f  d e v e l o p m e n t a l  s t a g e s .  T h re e  o f  11
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F i g u r e  71* C a m e r n - l u c I d a  d r a w i n g  o f  a  v e n t r a l  v iew o f  t h e  t e s t e s  f rom  
a 232 mm SL P h y c l a  c h e a t e r l .

154
F i g u r e  72. H i s t o l o g i c a l  s e c t i o n s  o f  o v a r i a n  t i s s u e  f r o m  Fhycls  
C h e s t e r ! ♦ B o u i n ’ s  o r  D a v i d s o n ' s  f i x a t i o n ,  H a r r i s  
h e r a a t o x y l in - e o a i n  s t a i n s .  OL * o v a r i a n  lu m e n ;  OVL -  
o v i g e t o u s  l a m e l l a e ;  IM -  i m m a t u r e  o o c y t e ;  AF ■ a t r e t i c  
f o l l i c l e ;  VM = v i t e l l i n e  m e m b ran e ;  N ■ n u c l e u s ;  CV = 
c y t o p l a s m i c  v e s i c l e ;  YG *= y o l k  g r a n u l e .
A. C r o s s  s e c t i o n  o f  t h e  o v a r y  o f  a  314 mm SL f i s h  
c o l l e c t e d  i n  A p r i l  1 9 7 4 .  F i e l d  c l a s s i f i c a t i o n  o f  t h e  
gonad w as  r e s t i n g .  A v e r a g e  h o r i z o n t a l  d i a m e t e r  o f  
o o c y t e s  0 . 0 9  mm.
B. C ross  s e c t i o n  o f  o v a r i a n  t i s s u e  f r o m  a 303 mm SL 
i n d i v i d u a l  c o l l e c t e d  i n  A p r i l  1 9 7 4 .  F i e l d  c l a s s i f i c a t i o n  
o f  t h e  g o n a d  w as  s p e n t / r e c o v e r i n g .  Im m atu re  o o c y t e s  a n d  
a t r e t i c  f o l l i c l e s  p r e s e n t .  D i a m e t e r  o f  a t r e t i c  f o l l i c l e s  
a b o u t  O . 35 mm.
C. C r o s s  s e c t i o n  o f  t h e  o v a r i a n  t i s s u e  f r o m  a 330 mm SL
f i s h  c o l l e c t e d  In J u n e  1973 ,  F i e l d  c l a s s i f i c a t i o n  o f  t h e
gonad  w as  r e s t i n g ,  h o w e v e r ,  e g g  d e v e l o p m e n t  h a s  h e g u n .  
A v e r a g e  d i a m e t e r  o f  o o c y t e s  -  0 . 1 1  mm.
D. C r o s s  s e c t i o n  f rom a 2 7 3  mtn SL f e m a l e  c o l l e c t e d  i n
S e p t e m b e r  1 9 7 5 .  F i e l d  c l a s s i f i c a t i o n  o f  t h e  g o n a d  w a s
R - l .
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s p e c i m e n s  e x a m in e d  had  d e n s e l y  b a s o p h i l i c  e g g s  w i t h  some a t r e t i c  f o l l i ­
c l e s  p r e s e n t  w h i l e  t h e  r e m a i n d e r  s h o w e d  o o c y t e  d e v e l o p m e n t .  The e a r l i e s t  
d e v e l o p m e n t a l  s t a g e  o b s e r v e d  h a d  e l l i p t i c a l  t o  s p h e r i c a l l y  s h a p e d  o o c y t e s ,  
0 . 1 1  mm I n  mean d i a m e t e r ,  w i t h  e g g  m e m b ra n e s  s t a r t i n g  t o  d e v e l o p .  Hie 
c y t o p l a s m  was f i n e l y  g r a n u l a r ,  b a s o p h i l i c  a n d  h a d  num erous  v e s i c l e s  
g i v i n g  i t  a foamy a p p e a r a n c e .  The n u c l e u s  w a s  s p h e r i c a l ,  c e n t r a l l y  
l o c a t e d  and 0 . 0 5  mm i n  a v e r a g e  d i a m e t e r  ( F i g .  7 2 0 ,  O t h e r  f e m a l e s  h a d  
s l i g h t l y  l a r g e r  o o c y t e s  ( 0 . 1 7  mm i n  d i a m e t e r )  w i t h  y o l k  g r a n u l e s  a r o u n d  
t h e  p e r i p h e r y  o f  t h e  o o c y t e .  The two m a l e s  e x a m i n e d  h i s t o l o g i c a l l y  h a d  a 
p r e p o n d e r a n c e  o f  p r i m a r y  a n d  s e c o n d a r y  s p e r m a t o c y t e s  w i t h  i s o l a t e d  g r o u p s  
o f  s p e r m a t i d s  i n  t h e  s e m i n i f e r o u s  t u b u l e s .
T h e  f e m a l e s  e x a m in e d  i n  J u l y  h a d  s l i g h t l y  l a r g e r  o o c y t e s  (x  = 0 . 1 9  
mm, e x t r e m e s :  0 , 1 5 - 0 . 2 8 )  w i t h  e o s i n o p h i l i c  y o l k  g r a n u l e s ,  egg  m e m b r a n e s ,
c y t o p l a s m i c  v e s i c l e s  a n d  s p h e r i c a l ,  c e n t r a l l y  l o c a t e d  n u c l e i .  M a l e s  a t  
t h i s  t i m e  had e s s e n t i a l l y  t h e  sam e  s t r u c t u r e  a s  i n  J u n e .
T h e  ova i n  F h y c i s  w h i c h  w e r e  s a m p l e d  i n  S e p t e m b e r  had a mean d i a m e t e r  
o f  0 . 2 7  mm ( e x t r e m e s :  0 , 2 0 - 0 , 3 0 )  a n d  h a d  t h i c k e r  e g g  membranes a n d  a
l a r g e r  q u a n t i t y  o f  y o l k  g r a n u l e s  i n  t h e  c y t o p l a s m  ( F i g .  72D). A l t h o u g h  
m a l e s  o n c e  a g a i n  h a d  a l l  d e v e l o p m e n t a l  s t a g e s  i n  t h e  t e s t e s ,  i n c l u d i n g  
s p e rm  i n  t h e  l u m e n ,  many s p e r m a t i d s  a n d  s e c o n d a r y  s p e r m a t o c y t e s  w e r e  
p r e s e n t .
F e m a le s  In  November and  J a n u a r y  showed a l l  m a t u r i t y  s t a g e s  f r o m  
d e v e l o p i n g  ( R - l )  t o  s p e n t ,  R - l  f e m a l e s  were  c h a r a c t e r i z e d  by s p h e r i c a l  
t o  e l l i p t i c a l  o o c y t e s  0 . 2 8  t o  0 , 3 5  mm I n  d i a m e t e r ,  w e l l  d e v e l o p e d  v i t e l ­
l i n e  m e m b ra n e s ,  c y t o p l a s m i c  v e s i c l e s  a n d  many e o s i n o p h i l i c  y o l k  g r a n u l e s  
( F i g ,  73A),  In  h i s t o l o g i c a l  s e c t i o n s  o f  o v a r i e s  f ro m  r u n n i n g  r i p e  
f e m a l e s ,  th e  l a r g e  e g g s  ( x  = 0 . 3 7  mm i n  d i a m e t e r )  w e re  packed  w i t h
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F i g u r e  7 3 .  H i s t o l o g i c a l  s e c t i o n s  o f  g o n a d a l  t i s s u e  f rom  F h y c i s
c h e 3 t e r i . B o u i n 1a o r  D a v i d s o n ' s  f i x a t i o n t H a r r i s  h e m a t o x y l i n -  
e o s l n  s t a i n s .  FC -  f o l l i c l e  c e l l s ;  YM «■ y o l k  m a s s ;  OC “ 
o i l  g l o b u l e ;  RO * r e s i d u a l  o o c y t e s ;  SEC ■» s e c o n d a r y  
s p e r m a t o c y t e s ;  SF ■ s p e r m a t i d s ;  S = s p e r m ;  o t h e r  s y m b o l s  
a s  in  F i g u r e  73 .
A. O v a r i a n  c r o s s  s e c t i o n  f ro m  a  323  mm SL f i s h  t h a t  was
f i e l d  c l a s s i f i e d  i n  November 19 74 a s  11-1. A v e ra g e
d i a m e t e r  o f  o o c y t e s  ■ 0 . 3 1  im.
B. O v a r i a n  c r o s s  s e c t i o n  f rom  a 295 mm SL r u n n i n g  r i p e
fem a le  c o l l e c t e d  i n  J a n u a r y  1976 .  D i a m e t e r  o f  l a r g e  
ova ™ 0 . 3 8  mm.
C. C ro s s  s e c t i o n  o f  a  s p e n t  o v a r y  f r o m  a 313 mm SL f e m a l e  
c o l l e c t e d  i n  J a n u a r y  1976 s h o w i n g  r e s i d u a l  o o c y t e s  
r e m a i n i n g  i n  o v a r y  a f t e r  s p a w n i n g .  D i a m e t e r  o f  l a r g e s t  
o o c y t e  -  0 . 3 3  tow.
D. C ro ss  s e c t i o n  o f  t e s t i c u l a r  t i s s u e  f rom a  r u n n i n g  
r i p e  2 36 mm SL m a le  c o l l e c t e d  i n  J a n u a r y  1 9 7 6 .
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e o s i n o p h i l i c  y o l k  w h i c h  h a d  c o a l e s c e d  i n  t h e  e g g .  The n u c l e u s  w as  d i s ­
p l a c e d  f r o m  t h e  c e n t e r  o f  t h e  ova and  a  s p h e r i c a l  v o i d  was  p r e s e n t  i n  
t h e  c e n t e r  o f  t h e  e g g  w h i c h  may be t h e  s i n g l e  o i l  g l o b u l e  p r e s e n t  i n  
f e r t i l i z e d  e g g s  w h i c h  w as  l e a c h e d  o u t  d u r i n g  h i s t o l o g i c a l  p r e p a r a t i o n  
( F i g *  7 3 B ) .  The v i t e l l i n e  membrane w as  l a r g e  a n d  e o s i n o p h i l i c .  The  
o v a r i e s  o f  s p e n t  f i s h  h a d  r e s i d u a l  o o c y t e s  ( F i g .  73C) w h i c h  w e re  n o t  
s p a w n e d *  T h es e  w e r e  n o t  a s  m a tu r e  a s  e g g s  i n  r u n n i n g  r i p e  f i s h  a n d  may 
r e p r e s e n t  a  g r o u p  t h a t  d i d  n o t  g e t  m a t u r e  e n o u g h  t o  b e  e x t r u d e d  d u r i n g  
r e p r o d u c t i o n .  T e s t i c u l a r  s e c t i o n s  o f  t h e  m a le s  showed a g r e a t  d e a l  o f  
s p e r m a t o z o a  i n  t h e  l u m e n  a l o n g  w i t h  l a r g e  n e s t s  o f  s p e r m a t i d s  a n d  
s p e r m a t o c y t e s  ( F i g *  73D).
F e r t i l i z e d  E g g s :
F h y c i s  c h e s t e r l  h a d  p e l a g i c  eggs  w h ic h  come t o  t h e  s u r f a c e  im m e d i ­
a t e l y  a f t e r  b e i n g  p l a c e d  i n  5. 3*C s e a w a t e r .  The f e r t i l i z e d  e g g s  a r e  
s p h e r i c a l  w i t h  an u n s c u l p t u r e d  s u r f a c e ,  u n s e g m e n t e d  y o l k  and h a v e  a s i n g l e  
o i l  g l o b u l e *  The m e a s u r e m e n t  of  25 f e r t i l i z e d  e g g s  a r e  g i v e n  b e l o w  i n  
ram:
Mean E x t r e m e s
d i a m e t e r  0 . 7 6 9  0 . 7 5 6 - 0 , 7 8 8
p e r i v i t e l l l n e  s p a c e  0 . 0 6 5  0 . 0 3 2 - 0 , 0 9 1
o i l  g l o b u l e  0 . 2 3 2  0 . 2 0 4 - 0 . 2 8 4
F ood  H a b i t s :
Food o f  F h y c i s  c h e s t e r l  on t h e  u p p e r  p o r t i o n  o f  t h e  c o n t i n e n t a l  s l o p e  
( 2 3 0 - 2 5 6  m) o f f  Nova S c o t i a  c o n s i s t e d  a l m o s t  e n t i r e l y  o f  c r u s t a c e a n s  
( T a b l e  1 9 )  w h i c h  w e r e  f o u n d  i n  a l l  19 s t o m a c h s  e x a m in e d  and a c c o u n t e d  f o r  
993! by n u m b e r  a n d  983! by  volume of  t h e  t o t a l  d i e t .  P e l a g i c  f o o d  I t e m s  
( l l y p e r i i d  a m p h ip o d s  t Bowman and G r u n e r ,  1973;  e u p h a u s l i d s ,  H a u c h l i n e  a n d
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T a b l e  19.
Stomach c o n t e n t s  f rom  P h y c l a  c h e a t e d  c o l l e c t e d  on t h e  A t l a n t i c  c o a s t  
o f  C a n a d a .  F ■ p e r c e n t  f r e q u e n c y  o c c u r r e n c e ;  N m p e r c e n t  n u m e r i c a l  
a b u n d a n c e ;  V ■ p e r c e n t  volume d i s p l a c e m e n t ;  1K1 * In d ex  o f  r e l a t i v e  
I m p o r t a n c e .
Taxon I t e m  F N V IRI
C r u s t a c e a
Amphlpoda H y p e r i l d a e 100 7 2 . 7 6 8 . 4 14110
U n i d e n t l f l e d 10.  5 4 . 8 1 . 0 61
T o t a l 100 7 7 . 5 6 9 .4 14690
E u p h a u s l a c e a M ef lan y c t1phanes  
n o r v e f i l c a
5 7 .9 8 . 4 10 .  3 1083
U n i d e n t i f i e d 6 8 , 4 1 2 . 2 1 0 .8 1573
T o t a l 9 4 . 7 2 1 . 1 2 0 . 6 3949
D ecapods D l c h e l o p a n d a l u s
l e p t o c e r a s
10.  5 0 . 6 7 .4 8 . 4
P f l K u r i s t e s
t r l a n g u l a t u s
5 , 3 0 . 3 0.  3 3
T o t a l 1 5 .8 1 . 0 7 .7 137
P i s c e s I f n l d e n t  1 f l e d 0 . 1 6 0 . 0 2 0 .0 1 t r a c e
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F i s h e r ,  1969)  made up 9 3 .  231 by number and  90S by volume o f  t h e  d i e t .
D i s c u s s  i o n
When t h e  v a l u e s  f o r  t h e  m e r i s t i c  c h a r a c t e r s  p r e s e n t e d  in  t h i s  p a p e r  
a r e  c o m p a re d  t o  w e s t e r n  A t l a n t i c  h a k e s  of  t h e  genua  Lfrophyc I s  ( T a b l e  2 0 ) ,  
I t  I s  r e a d i l y  a p p a r e n t  t h a t  m os t  o f  t h e  m e r i s t i c  c h a r a c t e r s  o v e r l a p  among 
t h e  v a r i o u s  s p e c i e s .  However,  1^ . c h e s t e r l  c a n  be  s e p a r a t e d  f ro m  a l l  
s p e c i e s  o f  U r o p h y c l s  on t h e  b a s i s  o f  e p t b r a n c h l a l  g i l l  r a k e r s .  F h y c i s  
c h e s t e r l  h a s  t h e  h i g h e s t  co m p l im e n t  (4 t o  5) w h i l e  U r o p h y c i s  s p p .  h a v e  2 
t o  3 (M u s i c k ,  1973 ;  D. M. Cohen,  N . M . F . S , - S y s t e m a t l e a  L a b o r a t o r y ,  
S m i t h s o n i a n  I n s t i t u t i o n ,  W a s h i n g t o n ,  D. C . , 2 0 5 6 0 ,  p e r s o n a l  c o m m u n i c a t i o n ) .  
The l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  a l l  m e r i s t i t  c h a r a c t e r s  w i t h  t h e  
e x c e p t i o n  o f  p e c t o r a l  f i n  r a y s  i n  P h y c i s  from v a r i o u s  l a t i t u d e s  on t h e  
e a s t  c o a s t  o f  N o r th  A m e r ic a  p r o b a b l y  i n d i c a t e s  t h a t  l o c a l  r a c e s  a r e  
n o n - e x i s t e n t  f o r  t h i s  s p e c i e s .
A l o n g  t h e  e a s t  c o a s t  o f  N o r t h  A m er ic a ,  £ .  c h e s t e r l  I s  f o u n d  in  
s i g n i f i c a n t  numbers  o n  t h e  edge  o f  t h e  c o n t i n e n t a l  s h e l f  and  c o n t i n e n t a l  
s l o p e  f ro m  n o r t h  o f  Nova S c o t i a  s o u t h  t o  j u s t  n o r t h  o f  Cape H a t t e r a s .
S ou th  o f  H a t t e r a s ,  F h y c l a  i s  r a r e  and  s p e c im e n s  c a p t u r e d  by S t a i g e r  
(1970)  may r e p r e s e n t  e x p a t r i o t s  from n o r t h e r n  l a t i t u d e s .
I t  a p p e a r s  t h a t  P ,  c h e s t e r l  i s  more a b u n d a n t  i n  s h a l l o w e r  d e p t h s  o f f  
t h e  A t l a n t i c  c o a s t  o f  Canada t h a n  i n  s o u t h e r n  l o c a l e s .  The d e c r e a s e  in  
d e p t h  o f  c a p t u r e  w i t h  i n c r e a s i n g  l a t i t u d e  ( s e e  F ig ,  59) i s  n o t  a s  marked 
f o r  F h y c i s  a s  was  found  f o r  t h e  b l u e  h a k e ,  A n t im o ra  r o s t r a t a  (Wenner and 
M usick ,  1 9 7 7 ) .  I t  a p p e a r s  t h a t  t h e  u p p e r  b a t h y m e t r i c  d i s t r i b u t i o n a l  l i m i t  
o f  F h y c i s  i s  a f f e c t e d  by t h e  p o s i t i o n  o f  t h e  10 C i s o t h e r m  on t h e  c o n t i ­
n e n t a l  s l o p e .  I n  t h e  s o u t h e r n  s t a t i o n s  where  t h e  1 0 ’c i s o t h e r m  d o e s  n o t
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T a b l e  20 .  c o n t i n u e d
S p e c i e s  CFR P^FR
U r o p h y c t s r e ^ i u s 28 t o 31 15 t o 13
U r o p h y c i s f l o r i d a n u s 28 to 32 15 t o 17
h r o p h y c i s c l r r a t u s 28 t o 33 15 t o 18
U r o p h y c i s e a r l l l l 27 t o 30 14 t o 16
U ro p h y c la c h u s s
U ro p h y c ia t e n u i s
Fhycis chesterl 2B t o  IS 14 t o  17
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o c c u r  u n t i l  d e p t h s  a r o u n d  2 5 0  m, t h e  c a t c h  r a t e s  a r e  0  o r  v e r y  low  u n t i l  
t h a t  d e p t h  I s  r e a c h e d .
R e s u l t s  f rom  t h e  I n t e n s i v e l y  s a m p l e d  N o r f o l k  Canyon  a r e a  showed 
1^ . c h e s t e r l  t o  b e  d i s t r i b u t e d  f r o m  160 m t o  1290  m w i t h  maximum a b u n d a n c e  
f ro m  4 0 0  t o  800  m. T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  H a e d r i c h  
e ^  f r l „ ( 1 9 7 5 )  f o r  s l o p e  s t a t i o n s  s o u t h  o f  New E n g l a n d  w h e r e  C h e s t e r !  
w as  d i s t r i b u t e d  f rom 200 m t o  900 m w i t h  maximum a b u n d a n c e  a r o u n d  600  m. 
S c h r o e d e r  ( 1 9 5 5 )  g a v e  t h i s  s p e c i e s  d i s t r i b u t i o n  a s  b e i n g  f ro m  229 t o  1335 
m w i t h  t h e  l a r g e s t  c a t c h e s  f r o m  366 t o  823  m, M a r k l e  a n d  M u s ic k  ( 1 9 7 5 )  
f o u n d  _P, c h e s t e r l  t o  make up a  mean o f  17% o f  t h e  b e n t h l c  f i s h e s  c a u g h t  
i n  a 900  m t r a n s e c t  on  t h e  c o n t i n e n t a l  s l o p e  o f f  t h e  e a s t  c o a s t  o f  t h e  
U. S .  The G e o m e t r i c  mean (GM) c a t c h / h a u l  v a l u e  w i t h  95% u p p e r  (UCL) and  
lo w e r  (LCL) and  e x t r e m e s  w i t h  a  1 2 . 2  m o t t e r  t r a w l  w a s :  7 ,  11 ,  33 ;  2 -5 0
(LCL, GM, UCL; e x t r e m e s ) .  The  mean o f  I I P .  C h e s t e r !  p e r  h a u l  i s  s l i g h t l y  
l o w e r  t h a n  t h e  mean o f  2 9 / 0 . 5 - h  12*7 m t r a w l  a t  c o m p a r a b l e  d e p t h s  f o r  t h e  
p r e s e n t  s t u d y  a n d  may r e f l e c t  d i f f e r e n t  g e a r s  a n d  d i f f e r e n t  t r a w l i n g  
m e t h o d o l o g i e s .
T he  o n l y  e s t i m a t e  o f  t h e  s t a n d i n g  c r o p  o f  c h e a t e r !  i s  from 
G r a s s l e  et^ j i l^  ( 1 9 7 5 )  who f o u n d  3 , 8 7  i n d i v i d u a l s / 1 0 0 0  s q  m i n  a p h o t o ­
g r a p h i c  c e n s u s  f rom  t h e  D . S . R . V .  A l v i n  on  t h e  c o n t i n e n t a l  s l o p e  a t  495  t o  
499 m o f f  New E n g l a n d .  U s i n g  my m e t h o d  f o r  e s t i m a t i n g  t h e  s t a n d i n g  c r o p  
o f  ]*. c h e s t e r l  f ro m  t h e  N o r f o l k  Canyon a r e a  a t  s i m i l a r  d e p t h s ,  1 f i n d  
1 1 . 3 7  ( e x t r e m e s :  6 . 4 2 - 1 6 . 3 2 )  i n d i v i d u a l s / 1000 s q  m. The  d i s c r e p a n c i e s  
c o u l d  b e  t h e  r e s u l t  o f  e i t h e r  t r u e  d i f f e r e n c e s  I n  t h e  s t a n d i n g  c r o p  o f  
F h y c i s  b e t w e e n  t h e  two a r e a s .  G r a s s l e  ej: a ^ .  *s ( 1 9 7 5 )  e s t i m a t e  may be 
c l o s e r  t o  t h e  t r u e  d e n s i t y  o f  c h e 3 t e r i  o n  t h e  c o n t i n e n t a l  s l o p e  o f f  
New E n g l a n d  a t  a b o u t  500  m b e c a u s e  t h i s  s p e c i e s  I s  o f t e n  s e e n  o r
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p h o t o g r a p h e d  on  t h e  b o t t o m  e i t h e r  i n  d e p r e s s i o n s  o r  c u r l e d  a r o u n d  s m a l l  
p i e c e s  o f  r u b b l e  and  shows no  o b v i o u s  e s c a p e  r e a c t i o n  t o  t h e  s u b m e r s i b l e ,  
u n l i k e  M e r l u c c l u s  a l b i d u s , w h i c h  i s  a l s o  a  common member o f  t h e  i c h t h y o -  
f a u n a  a t  t h e s e  d e p t h s  (VIMS, u n p u b l i s h e d  t r a w l  r e c o r d s ) ,  M e r l u c c i u s  
a  l b  i d  u s  w as  n o t  o b s e r v e d  i n  C r a s s l e  ^t_ j i t ' ' 3 O q 75)  s t u d y  f r o m  A l v i n  o r  
d u r i n g  a  d i v e  i n  N o r f o l k  Canyon  t h a t  p r o c e e d e d  u p s l a p e  f rom  a b o u t  800 m 
t o  200  m.
T h r o u g h o u t  i t s  l a t i t u d i n a l  d i s t r i b u t i o n  f ro m  Cape H a t t e r a s  to  t h e  
s l o p e  o f f  t h e  A t l a n t i c  c o a s t  o f  C a n a d a ,  c h e s t e r l  shows a s i g n i f i c a n t  
s i z e - d e p t h  r e l a t i o n  w i t h  s m a l l e r  f i s h e s  f o u n d  i n  s h a l l o w e r  w a t e r ,  F r i t z  
( 1 9 6 1 )  w as  t h e  f i r s t  i n v e s t i g a t o r  t o  r e c o g n i z e  t h i s  phenomenon on t h e  
c o n t i n e n t a l  s l o p e  o f f  New E n g l a n d ,  A f t e r  c o n v e r t i n g  h i s  m e a s u r e m e n t s  
f r o m  TL t o  SL a n a l y s i s  o f  v a r i a n c e  showed  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  
i n  mean s i z e  {F 3 9 4 . 3 ,  d f  -  3,  739)  b e t w e e n  d i f f e r e n t  d e p t h s .  Hie 
r e s u l t s  a r e :
D ep th  i n t e r v a l  ( m ) X SL + 952 Cl E x t r e m e s N
1 8 3 - 3 6 4 16 + 1 f i-35 225
3 6 5 - 5 4 7 2 1 ± 1 f i-33 358
5 4 8 - 7 3 2 29 + 2 2 3 - 3 3 2 2
7 3 3 - 9 1 4 30 ± 1 2 1 - 3 7 138
The s i z e - d e p t h  p a t t e r n  i s  s i m i l a r  t o  t h o s e  f r o m  t h e  A t l a n t i c  c o a s t  o f  
C anada  ( F i g ,  9 )  a n d  f r o m  t h e  N o r f o l k  Canyon a r e a  ( F i g ,  1 2 ) ,  T h i s  s i z e -  
d e p t h  s e g r e g a t i o n  may be  a  m e c h a n i s m  t o  r e d u c e  i n t r a s p e c i f I t :  c o m p e t i t i o n  
a n d  p r e d a t i o n  o n  t h e  s m a l l e r  f i s h e s  by t h e  l a r g e r  F h y c i s  w h i c h  a r e  known 
t o  be  p i s c i v e r o u s  ( S e d b e r r y  a n d  M u s i c k ,  1 9 7 6 ) .
S e d b e r r y  a n d  M u s ic k  ( 1 9 7 8 )  fo u n d  P .  c h e s t e r l  t o  f e e d  on  b o t h  b c m t h i c  
a n d  p e l a g i c  s p e c i e s  w i t h  p e l a g i c  i t e m s  a c c o u n t i n g  f o r  85K o f  t h e  d i e t  by
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n u m b e rs  and 763S by vo lum e .  They p o i n t e d  o u t  t h a t  P h y c l a  1 b an a c t i v e  
p r e d a t o r  f e e d i n g  on b o t h  p e l a g i c  c r u s t a c e a n s  and  f i s h e s  ( l a r g e l y  v e r t i ­
c a l l y  m i g r a t i n g  m y c t o p h i d s ,  g o n o a t o m a t i d s  and  s t e r n o p t y c h i d B ) . On t h e  
A t l a n t i c  c o a s t  o f  C a n a d a ,  P h y c i s  a l s o  fed  l a r g e l y  on p e l a g i c  i t e m s  
( m a i n l y  amphipods and e u p h a u a i i d s ) . F i s h e s  w e r e  no t  I m p o r t a n t  In t h e  
d i e t  b u t  the  F h y c i s  exam ined  w e r e  l a r g e l y  s m a l l ,  im m atu re  f i s h e s  w h i l e  
S e d b e r r y  and Musick (1 9 7 8 )  a n a l y z e d  s to m a c h s  f r o m  f i s h e s  1 3 0 -3 9 2  ram SL 
w i t h  most  o f  t h e i r  s p e c i m e n s  b e i n g  g r e a t e r  t h a n  275 iran SL .  The d i f f e r ­
e n c e  i n  t h e  r e l a t i v e  i m p o r t a n c e  o f  F i s h e s  in  t h e  d i e t  o f  P h y c I s  c o u l d  be 
c a u s e d  by s i z e  r e l a t e d  ch a n g e s  i n  d i e t  o r  c o u l d  r e f l e c t  d i f f e r e n c e s  i n  
t h e  abundance  o f  t h e  v e r t i c a l l y  m i g r a t i n g  p r e y  o r g a n i s m s  b e t w e e n  t h e  two 
a r e a s  s i n c e  t h e  C a n a d i a n  s p e c im e n s  w ere  from s h o a l e r  w a t e r  t h a n  t h o s e  
f ro m  N o r fo lk  Canyon.
A q u e s t i o n  a r i s e s  t o  t h e  s o u r c e  o f  t h i s  p e l a g i c  f o o d  o f  TL c h e s t e r l  
a s  t h i s  s p e c i e s  h a s  b e e n  o b s e r v e d  a s  b e i n g  a r e l a t i v e l y  s e d e n t a r y  s p e c i e s  
b o t h  i n  p h o t o g r a p h i c  s u r v e y s  ( G r a s s l e  et^ n K » 1975) and  p e r s o n a l  o b s e r v a ­
t i o n s  from D.S.R .V, A l v i n  ■ S e d b e r r y  and M us ick  (1978)  f o u n d  t h a t  92.22! 
o f  t h e  d i e t  o f  IL c h e s t e r l  i s  made up o f  known v e r t i c a l  m i g r a t o r s  and  
t h a t  F h y c i s  cou ld  o b t a i n  p e l a g i c  food  d u r i n g  t h e  day when t h e  m i g r a t i n g  
s p e c i e s  were c l o s e r  t o  t h e  b o t t o m .  As an  a l t e r n a t e  e x p l a n a t i o n  th e y  
h y p o t h e s i z e d  t h a t  t h e  s t a n d i n g  c r o p  o f  p e l a g i c  o r g a n i s m s  may be h i g h e r
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n e a r  t h e  bottom w here  p a r t i c u l a t e  m a t t e r *  u t i l i z e d  a s  an  e n e r g y  s o u r c e  by 
t h e s e  p e l a g i c  s p e c i e s *  w as  h i g h e r  t h u s  p r o v i d i n g  an e n e r g y  s o u r c e  f o r  
P h y c i a  n e a r  t h e  b o t t o m .  D u r in g  d i v e  #574 on D .S .R .V .  A l v i n  i n  N o r f o l k  
Canyon  (37 0 3 . 3 r N, 74 38 .4 'W) a t  a d e p t h  o f  656  m w here  fL c h e s t e r l  w as  a 
d o m i n a n t  meTnber o f  t h e  b e n t h i c  f i s h  f a u n a ,  l a r g e  q u a n t i t i e s  o f  z o o p l a n k -  
t o n ,  e u p h a u s i l d s *  s e r g e s t i d s ,  t o m o p t e r i d  p o l y c h a e t e s ,  c h a e t o g n a t h s  and  
copepods*  were s e e n  a b o u t  1 m f r o m  t h e  b o t t o m .  A l th o u g h  no  K  c h e f l t e r l
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w ere  o b s e r v e d  f e e d i n g  on  t h i s  m a t e r i a l *  I t  w o u ld  n o t  r e q u i r e  much e f f o r t  
f o r  t h i s  s p e c i e s  t o  b r o w s e  i n  t h i s  n e a r  b o t t o m  p e l a g i c  c o m m u n i t y .  A 
s t u d y  c o m p a r i n g  d i e t s  f r o m  d i f f e r e n t  t i m e s  o f  d a y ,  s i z e s  o f  p r e d a t o r s  a n d  
d e p t h s  o f  c a p t u r e  In one  o r  more g e o g r a p h i c  l o c a l e s  w o u l d  m ore  c o m p l e t e l y  
d e l i n e a t e  f e e d i n g  r e l a t i o n s  w i t h  t h e s e  p a r a m e t e r s .
F h y c i s  c h e s t e r l  h a s  t h e  h i g h e s t  r e l a t i v e  f e c u n d i t y  ( e g g s / g  body  
w e i g h t )  o f  a l l  G a d l d a e  f o r  w h ic h  d a t a  a r e  a v a i l a b l e  ( A p p e n d i x  T ) ,  P h y c i s  
h a s  a  mean o f  2039  e g g s / g  b o d y  w e i g h t  w h i c h  i s  an  o r d e r  o f  m a g n i t u d e  
h i g h e r  t h a n  g a d i d s  e i t h e r  i n  t h e  s u b f a m i l i e s  L o t i n a e  o r  G a d i n a e .  The 
f e r t i l i z e d  e g g s  a r e  s m a l l e r  t h a n  o t h e r  g a d l d  e g g s  i n  t h e  N o r t h  A t l a n t i c  
w i t h  t h e  e x c e p t i o n  o f  t h e  f o u r b e a r d  r o c k l i n g ,  E n c h e l y n p u s  c i m b r i u s  (x  ™ 
0 . 8 2 *  e x t r e m e s  0 , 7 4 - 0 . 8 9  mm) ( C o l t o n  a n d  M a ra k ,  1 9 6 9 ) ,  t h e  r e d  h a k e  
U r o p h y c i s  c h u s s  (x  ™ 0 . 7 6 ,  e x t r e m e s ,  0 . 6 3 - 0 . 9 7  mm) ( C o l t o n  a n d  M a ra k ,  
1 9 6 9 ) ,  and  t h e  s p o t t e d  h a k e  U r o p h y c i s  r e g i u s  (x  = 0 . 7 3 ,  e x t r e m e s  0 . 6 7 -  
0 . 8 1  nun) ( B a r a n s  and  B a r a n s ,  1 9 7 2 ) ,  The n e g a t i v e  c o r r e l a t i o n  b e t w e e n  e g g  
d i a m e t e r  a n d  f e c u n d i t y  h a s  b e e n  w e l l  d o c u m e n te d  i n  t h e  l i t e r a t u r e  
( M a r s h a l l ,  1 9 5 3 ) .  S p e c i e s  p o s s e s s i n g  l a r g e  e g g s  g e n e r a l l y  h a v e  a  r e d u c e d  
f e c u n d i t y .  T h i s  r e l a t i o n s h i p  h o l d s  w e l l  f o r  g a d i d s  F o r  w h ic h  d a t a  i s  
a v a i l a b l e  ( F i g .  7 4 ) .  I t  i s  u n f o r t u n a t e  t h a t  d a t a  a r e  u n a v a i l a b l e  f o r  t h e  
s p e c i e s  w hose  e g g  d i a m e t e r  f a l l s  c l o s e l y  t o  t h e  v a l u e s  f o r  t h e  l o n g - f l n  
h a k e .
Why d o e s  F h y c i s  h a v e  s o  many more  s m a l l  e g g s  t h a n  o t h e r  G a d i d a e ?  
A l t h o u g h  i t  h a s  a  w i d e  l a t i t u d i n a l  d i s t r i b u t i o n  f rom  Nova S c o t i a  t o  
F l o r i d a  and h a s  a  l a r g e  b a t h y m e t r i c  r a n g e  ( 1 5 0 - 1 2 5 0  m) on  t h e  c o n t i n e n t a l  
s l o p e *  b e c a u s e  o f  t h e  t o p o g r a p h y  o f  t h e  s l o p e ,  F h y c i s  i s  a c t u a l l y  
r e s t r i c t e d  t o  a s m a l l  a r e a .  The c o n t i n e n t a l  s l o p e  o f f  t h e  V i r g i n i a  c o a s t  
h a s  t h e  f o l l o w i n g  a v e r a g e  a n g l e s  o f  i n c l i n a t i o n  ( w i t h  t h e  e x c e p t i o n  o f
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Figure I k Kean d i a m e t e r  o f  f e r t i l i z e d  e g g s  p l o t t e d  a g a i n s t  r e l a t i v e  
f e c u n d i t y  ( e g g s / g  body  w e i g h t )  f o r  f i s h e s  o f  t h e  f a m i l y  
G a d i d a e .  See  A p p en d ix  I f o r  d a t a  s o u r c e s .
EGG3 / || 00OV W E H1H T
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N o r f o l k  Canyon w here  I s o b a t h s  a r e  c l o s e l y  s p a c e d )  '• 150  t o  400 m: 8 . 5 l " ;
4 0 0 - 1 0 0 0  m: 5 . 4 4 * ;  1 0 0 0 - 1 2 5 0  tn: 2 . 0 8 *  ( M u s i c k ,  p e r s o n a l  c o m m u n i c a t i o n )  .
The zone  o f f  V i r g i n i a  w h i c h  i s  o c c u p i e d  b y  c h e a t e r i  1g a p p r o x i m a t e l y  
1 4 . 9  km w i d e .  In c o m p a r i s o n  t o  t h e  w i d t h  o f  t h e  c o n t i n e n t a l  s h e l f  a n d  
l o w e r  s l o p e  a n d  t h e  a b y s s ,  t h i s  i s  a n  e x t r e m e l y  n a r r o w  l i v i n g - s p a c e ,  A 
f i a h  s p e c i e s  w h ich  h a s  p e l a g i c  e g g s  a n d  l a r v a e  a n d  w h i c h  i s  r e s t r i c t e d  t o  
a  s m a l l  a r e a  o f  s u i t a b l e  h a b i t a t  i s  a t  t h e  mercy  o f  t h e  s u r f a c e  c u r r e n t s .  
P r o b a b l y  l a r g e  num bers  o f  F h y c i s  r e c r u i t s  s u f f e r  e x p a t r i a t i o n  f r o m  t h e  
h a b i t a b l e  z o n e  b e c a u s e  o f  s u r f a c e  w a t e r  c o n d i t i o n s ;  h i g h  f e c u n d i t y  and 
r a p i d  l a r v a l  d e v e l o p m e n t  a p p a r e n t l y  a r e  s e l e c t e d  f o r  t o  combat  t h i s  
d e n s i t y  i n d e p e n d e n t  m o r t a l i t y .
The l i f e  h i s t o r y  o f  t h e  l o n g - f i n  h a k e  can  be  t h u s  s u m m a r iz e d
pelagic eggs and larvae 
(November-January?)
s p a w n i n g  
(maximum a c t i v i t y  
Novembe r - J a n u a  r y )
J u v e n i l e s  d e s c e n d  t o  
t h e  u p p e r  s l o p e  ( 1 5 0 - 4 5 0  m) 
( A p r i l - M a y )
s e x u a l  m a t u r a t i o n  
( o : 145 +  S t ;  ; 205  +  SL) 
(minimum m a t u r e  s i z e s )
s o m a t i c  g r o w t h  
w i t h  b o t h  b e n t h i c  a n d  p e l a g i c  
I t e m s  a s  f o o d  s o u r c e s
c h a n g e  i n  d e p t h  p r e f e r e n c  
w i t h  i n c r e a s i n g  s i z e ;  
l a r g e r  f i a h  f o u n d  d e e p e r
P a r t  VI.
E c o lo g y  o f  t h e  b l u e  h a k e ,  A n t lm ora  r o a t r a t a , 
i n  t h e  w e s t e r n  N o r t h  A t l a n t i c
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I n t r o d u c t i o n
The b l u e  h a k e ,  A n t lm o ra  r o s t r a t a  ( G u n t h e r ) ,  i s  a common f i a h  o f  t h e  
m i d - A t l a n t i c  B ig h t  a t  d e p t h s  g r e a t e r  t h a n  1000 m (B ig e lo w  and S c h r o e d e r ,  
19 5 3 ;  S c h r o e d e r ,  1 9 5 5 ;  Musick e t  a l . ,  1 9 7 5 ) ,  Twamoto (1975)  r e v i e w e d  th e  
s y s t e m a t i c  s t a t u s  a n d  n o m e n c l a t u r a l  p ro b lem s  a s s o c i a t e d  w i t h  t h i s  i n r i d  
g e n u s  and s t a t e d  t h a t  f o r  t h e  p r e s e n t  i t  i s  assumed o n e  w o r ld w id e  s p e c i e s  
e x i s t s ,  a l t h o u g h  t h e  t a x o n o m ic  q u e s t i o n s  a r e  f a r  from r e s o l v e d  (D, K, 
C ohen ,  p e r s o n a l  c o m m u n i c a t i o n ) .  ( S e v e r a l  s e r i e s  o f  A. r o a t r a t a  from o u r  
s t u d y  a r e a  h ave  b e e n  d e p o s i t e d  i n  t h e  b i o l o g i c a l  c o l l e c t i o n s  o f  t h e  
V i r g i n i a  i n s t i t u t e  o f  M ar ine  S c i e n c e . )
B i o c h e m i c a l l y ,  t o s t r a t a  i s  a  r e l a t i v e l y  w e l l  known d e e p - s e a  
b e n t h i c  f i s h  ( s e e  1957 V o l .  52B, Comp. Biochem.  P h y s i o l . ) .  A l th o u g h  i t  
I s  a  major  c o n s t i t u e n t  o f  t h e  d e e p w a t e r  f i s h  f a u n a  o f f  t h e  e a s t  c o a s t  o f  
t h e  U n i t e d  S t a t e s ,  k n o w le d g e  o f  i t s  l i f e  h i s t o r y  and e c o l o g y  i s  a l m o s t  
t o t a l l y  l a c k i n g .  Most  r e f e r e n c e s  t o  t h i s  s p e c i e s  i n  t h e  l i t e r a t u r e  a r e  
I n c i d e n t a l  ( K a e d r i c h  and Horn,  1 9 7 0 ;  l l a e d r l c h  and P o l l o n i ,  1974;  M ark le  
and  M usick ,  1974; H a e d r i c h  et^ a d .  , 1975;  M us ick  e^_ aJL , 1975) ,  Cohen ( I n  
p r e s s )  o b s e r v e d  and m e asu re d  swimming s p e e d  o f  t h i s  s p e c i e s  from t h e  Deep 
S u b m e r s i b l e  R e s e a r c h  V e h i c l e  A l v i n  a t  2400 m In  t h e  m i d - A t l a n t i c  B i g h t .  
Iuam oto  (1975) d e s c r i b e d  a  g e n e r a l  b i o l o g i c a l  p i c t u r e  o f  A. r o a t r a t a  from 
s c a n t y  d a t a  and i n f e r e n c e s  f ro m  t h e  b i o l o g y  o f  c e r t a i n  d e e p w a t e r  
m a c r o u r i d s .  He l i s t e d  b a t h y m e t r i c  d i s t r i b u t i o n  o f  t h e  s e x e s ,  r e p r o d u c ­
t i o n  and t h e  d i s t r i b u t i o n  o f  v a r i o u s  s i z e  c l a s s e s  a s  r i d d l e s  In t h e  l i f e  
h i s t o r y  o f  t h e  b l u e  h a k e .
T h i s  r e p o r t  d e s c r i b e s  the distributional p a t t e r n s  o f  t h i s  species
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o f f  t h e  m i d d le  A t l a n t i c  c o a s t  a n d  p r o v i d e s  i n f o r m a t i o n  on i t s  l i f e  
h i s t o r y  a n d  e c o l o g y .
M a t e r i a l s  and  Methods
D a ta  f rom s i x  c r u i s e s  a l o n g  th e  m i d d l e  A t l a n t i c  c o a s t  ( T a b l e  21)  
w e r e  u s e d  i n  d i s t r i b u t i o n a l  a n d  l i f e  h i s t o r y  s t u d i e s .  O n e - h a l f  h o u r  
t r a w l s  were  made w i t h  e i t h e r  a  1 3 ,7  m ( 4 5 * )  o r  a  9 . 1  in ( 3 0 ' )  s e m i -  
b a l l o o n  o t t e r  t r a w l  i n  d e p t h s  l e s s  t h a n  2000 m w h i l e  i n  g r e a t e r  d e p t h s ,  
t h e  n e t s  w e re  f i s h e d  f o r  one h o u r .  T r a w l  c h a r a c t e r i s t i c s  I n c l u d e :
( a )  1 3 . 7  m: 4 . 4 5  cm ( 2 fl) s t r e t c h  meBh i n  w ings  and  b o d y ,  1 . 2 7  cm 
( 0 . 5 " )  s t r e t c h  mesh  l i n e r  i n  t h e  c o d e n d ;  (b)  9 . 1  m: 3 .81  cm ( 1 . 5 " )  
s t r e t c h  mesh i n  w i n g s  and b o d y ,  1 ,2 7  cm ( 0 , 5 " )  s t r e t c h  mesh I n  t h e  c o d -  
e n d .  B o th  t r a w l s  w e re  f i s h e d  f ro m  a s i n g l e  warp  w i t h  C h ina  "V" d o o r s  
e x c e p t  on E - 2 - 7 4  w h e re  wooden d o o r s  w e r e  u s e d .  Mean d e p t h  o f  t r a w l  was 
c a l c u l a t e d  f rom d e p t h s  o b t a i n e d  e v e r y  t h r e e  m i n u t e s  a f t e r  t h e  t r a w l  
w as  s e t  ( “  end o f  w i r e  p a y - o u t )  in  0 , 5  h r  t r a w l s  a n d  e v e r y  6 m i n u t e s  
i n  1 . 0  h r  to w s .  U n l e s s  o t h e r w i s e  s t a t e d ,  d e p t h s  p r e s e n t e d  a r e  
c a l c u l a t e d  mean d e p t h s .  F i s h e s  c o l l e c t e d  f ro m  s u c c e s s f u l  t o w s  ( = n e t  
i n t a c t  and e v i d e n c e  o f  b e n t h l c  c o n t a c t ,  i . e . ,  p r e s e n c e  o f  b e n t h i c  
a n i m a l s ,  mud, e t c . )  were  m e a s u r e d  t o  t h e  n e a r e s t  mm s t a n d a r d  l e n g t h  
(SL)  a t  s e a  e x c e p t  on c r u i s e  C l - 7 3 - 1 0  w h e re  t o t a l  l e n g t h  (TL)  was 
m e a s u r e d  t o  t h e  n e a r e s t  mm. T o t a l  l e n g t h  was  c o n v e r t e d  t o  SL by 
means  o f  t h e  r e l a t i o n s h i p  SL ■ 0 . 9 2  (TL) -  0 , 7 4  ( r  w 0 . 9 9 ,  n = 1 6 6 ) ,  
F r e s h  w e t  w e i g h t  was  m e a su re d  t o  t h e  n e a r e s t  gram a t  s e a  w i t h  a n  Oh a us 
" D i a l - O - G r a m "  TM s c a l e  w hich  p r o v i d e d  a r a p i d ,  a c c u r a t e  w e i g h t  
d e t e r m i n a t i o n  e v e n  i n  bad w e a t h e r .  A l l  f i s h e s ,  e x c e p t  t h o s e  on  
C I - 7 3 - 1 0 ,  were  d i s s e c t e d ,  s e x  and  gonad c o n d i t i o n  r e c o r d e d ,  a n d  a
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T a b l e  21.
C o l l e c t i o n  d a t a  f o r  c r u i s e s  u t i l i z e d  i n - t h i s  s t u d y
Da t a V e s s e l
A rea  Sampled  
L a t i t u d e  N □ t t e r  T raw l
J u n e  1973 R/V I a e l i n 3 6 ° 4 0 1 -  3 7 ° 1 0 1 1 3 . 7  m
A p r i l  1974 R/V E a s t w a r d 3 6 ° 4 0 1 -  3 7 ° 1 0 ’ 9 . 1  m
Nov, 1974 R/V G i l l i e s 3 6 ° 4 0 T -  3 7 ° 1 0 ' 1 3 .7  m
J u l y  1975 R/V E a s t w a r d 3 6 ° 4 0 1 -  S S ^ G 1 9 . 1  Bl
S e p t .  1975 R/V G i l l i e s 36°40* -  3 7 ° 1 0 1 1 3 .7  m
J a n .  1975 R/V G i l l i s a 3 6 ° 4 0 '  -  3 7 ° 1 0 r 1 3 .7  m
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r e p r e s e n t a t i v e  s e r i e s  o f  g o n a d s  w e re  p l a c e d  i n  B o u i n ’ s o r  D a v i d s o n ' s  
f i x a t i v e s  (H u m a a o n ,  1972)  a t  s e a .  On c r u i s e  C I - 7 3 - 1 0 ,  a  s u b s a m p l e  
f r o m  e a c h  to w  w as  s am p led  f o r  s e x  and h i s t o l o g y .  I n  t h e  l a b o r a t o r y  
g o n a d s  w e r e  p r o c e s s e d  by  s t a n d a r d  h i s t o l o g i c a l  t e c h n i q u e s  u t i l i z i n g  
H a r r i s  h e m a t o x y l i n - e o s l n  s t a i n .  Maximum o v a  d i a m e t e r s  w e r e  m e a s u r e d  
w i t h  a  c a l i b r a t e d  o c u l a r  m i c r o m e t e r  on e i t h e r  a d i s s e c t i n g  o r  a  
com pound  m i c r o s c o p e .  H y d r o g r a p h i c  d a t a  w e r e  c o l l e c t e d  by  CTD o r  N a n s e n  
b o t t l e s  w i t h  r e v e r s i n g  t h e r m o m e t e r s .  S t a t i s t i c a l  c o m p u t a t i o n s  
f o l l o w e d  t h e  m e t h o d s  o f  E l l i o t t  {1971) ,
R e s u l t s  and  D i s c u s s i o n  
D i s t r i b u t i o n  a n d  A b u n d a n c e :
A n t l m o r a  r o s t r a t a  was c a p t u r e d  In  e v e r y  s u c c e s s f u l  t r a w l  f rom  
1 1 9 0  t o  2933  m i n  t h e  N o r f o l k  Canyon a r e a  O 6 ° 4 0 ’ N t o  3 7 ° 1 0 , N).  The  
s h a l l o w e s t  d e p t h  o f  c a p t u r e  I s  f o r  a s i n g l e  i n d i v i d u a l  t r a w l e d  I n  
792  m o f  w a t e r  a n d  r e p r e s e n t s  t h e  o n ly  r e c o r d  o f  t h i s  s p e c i e s  i n  o u r  
a r e a  i n  d e p t h s  l e s s  t h a n  1070  m. The l o w e r  l i m i t  o f  i t s  d i s t r i b u t i o n  
c a n n o t  b e  s e t  w i t h  c e r t a i n t y  a s  we have made  o n l y  o n e  t r a w l  i n  d e p t h s  
g r e a t e r  t h a n  3 0 0 0  m. The t r a w l  a t  3080 m, h o w e v e r ,  f a i l e d  t o  y i e l d  
a n y  A, r o s t T a t a  among t h e  82 b e n t h i c  f i s h e s  c a u g h t .  N e i t h e r  d e p t h  
d i s t r i b u t i o n a l  c h a n g e s  w i t h  s e a s o n  as  f o u n d  f o r  N o r f o l k  Canyon  
p o p u l a t  o n s  o f  t h e  m a c r o u r i d ,  C o r y p h a e n o l d e s  r u p e a t r i a  ( M u s i c k ,  
u n p u b l i s h e d  d a t a ) ,  o r  a r e l a t i o n s h i p  b e t w e e n  t h e  t i m e  o f  d a y  a n d  t h e  
n u m b e r  o f  b l u e  h a k e  t r a w l e d  w e r e  e v i d e n t  {Tig* 7 5 ) .  B l u e  h a k e  may 
n o t  come o f f  t h e  b o t t o m  i n  t h e  same f a s h i o n  a s  t h e  m a c r o u r i d s ,
C o r y p h a e n o i d e s  r u p e s t r i s  ( H a e d r i c h ,  1 9 7 4 ) ,  C). p e c t o r a l l s  a n d  
a c r o l e p i s  ( I w a m o t c  and S t e i n ,  1 9 7 4 ) ,  T h i s  i s  t e n t a t i v e ,  h o w e v e r ,  
u n t i l  t r a w l i n g  w i t h  l a r g e  r a i d w a t e r  n e t s  n e a r  t h e  b o t t o m  I s  a c c o m p l i s h e d
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F i g u r e  75.  Number o f  A n t1mora  r o s t r a t a  c a u g h t  w i t h  1 3 . 7  m t r a w l  a s  a 
f u n c t i o n  o f  l o c a l  t i n e .  Number above b a r  r e p r e s e n t s  t h e  
number  o f  s u c c e s s f u l  tows  d u r i n g  t h a t  t i m e  p e r i o d .
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I n  o u r  s t u d y  a r e a  a s  G. K r e f f t  ( p e r s .  conm .)  has  t a k e n  a s i n g l e  p e l a g i c  
s p e c i m e n  ( 1 4 1  ran SL) a t  4 7 ° 4 5 . 2 * S ,  4 0 ° 0 4 . 5 ' W  w i t h  a  1600 mesh c i r c u m ­
f e r e n c e  E n g e l  T raw l  w h i c h  was to w ed  f o r  0 . 5  h r  a t  a  n e t  d e p t h  o f  2000 
m i n  5550  m o f  w a t e r .
A n a l y s i s  o f  t h e  c a t c h  d a t a  showed  t h e  v a r i a n c e  t o  be g r e a t e r  
t h a n  t h e  m e a n ,  s o  t h e  d a t a  w e r e  t r a n s f o r m e d  ( E l l i o t t ,  1971).  P l o t s  o f  
t h e  l o g  t r a n s f o r m e d  v a l u e s  o f  t h e  number  o f  i n d i v i d u a l s  and t h e i r  b i o ­
m a s s  i n  g r a m s  p e r  0 . 5  h r  t r a w l  f o r  mean d e p t h  o f  c a p t u r e  I s  f o u n d  i n  
F i g s .  76 a n d  77.  The a r e a  o f  maximum a b u n d a n c e  o f  A, r o s t r a t a  a p p e a r s  
t o  b e  b e t w e e n  1300 t o  2 5 0 0  m i n  N o r f o l k  Canyon w i t h  fewer i n d i v i d u a l s  
c a u g h t  o u t s i d e  t h i s  r a n g e .  The g e o m e t r i c  mean (CM), 952 c o n f i d e n c e  
i n t e r v a l  ( C l )  and  e x t r e m e s  o f  t h e  number  o f  i n d i v i d u a l s  and t h e i r  
b i o m a s s  i n  grams f o r  4 a r b i t r a r i l y  c h o s e n  d e p t h  s t r a t a  a r e  f o u n d  i n  
T a b l e  22 .
The b l u e  hake  i s  a d o m i n a n t  member o f  th e  b e n t h l c  f i s h  community 
I n  d e p t h s  f r o m  1300 t o  2 5 0 0  m ( F i g .  7 8 ) ,  c o m p r i s i n g  12 to  952  by  
n u m b e r s  a n d  15 t o  992  by  w e i g h t  o f  t h e  f i s h e s  c a u g h t .  In d e p t h s  <1300 
a n d  >2500 m i t s  i m p o r t a n c e  d i m i n i s h e s .  Means, 952  Cl and e x t r e m e s  f o r  
n u m e r i c a l  a n d  b i o m a s s  d o m i n a n c e  a r e  fo u n d  i n  T a b l e  22.  The p r e d i c t i v e  
v a l u e s  o f  t h e s e  r e s u l t s  c o m p are  f a v o r a b l y  to  t h e  few p u b l i s h e d  
a c c o u n t s  a l o n g  t h e  m i d d l e  A t l a n t i c  c o a s t  (T a b l e  23) . The n u m e r i c a l  
a n d  b i o m a s s  dom inance  o b t a i n e d  w i t h  b o t h  t h e  9 . 1  to and  13.7 m t r a w l s  
a r e  c o m p a r a b l e  ( F i g .  78) s h o w i n g  t h a t  a l t h o u g h  t h e  t o t a l  number 
a n d  b i o m a s s  c o l l e c t e d  w i t h  t h e  tw o  t r a w l s  i s  d i f f e r e n t ,  th e y  b o t h  
s a m p l e  t h e  f i s h  com m uni ty  I n  a b o u t  t h e  same p r o p o r t i o n s ,
A n t i m o r a  r o a t r a t a  a p p e a r s  t o  be  more a b u n d a n t  i n  t h e  w e s t e r n  
N o r t h  A t l a n t i c  t h a n  I n  t h e  e a s t e r n  N o r t h  A t l a n t i c .  The A. r o a t r a t a
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F i g u r e  76,  D ep th  (an) -  l o g  c a t c h  r a t e s  ( n u m b e rs )  o f  A n t lm o r a  r o s t r a t a  
p e r  0 , 5  h r  tow f o r  a l l  c r u i s e s .  Open c i r c l e s  "  1 3 . 7  m,
X's c 7.1 an otter trawls.
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Figure 77 D e p th  (m) -  l o g  c a t c h  r a t e s  ( b i o m a s s )  o f  A n t i m o r a  r o s t r a t a  
p e r  0 . 5  h r  tow f o r  a i l  c r u i s e s .  Open c i r c l e s  ■ 1 3 ,7  m,
X fs  ■ 7 . 1  in o t t e r  t r a w l s .
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c a t c h  r a t e s  p e r  0 , 5  h r  tow w i t h  a 61 id ( 2 0 0 ' )  b o t t o m  t r a w l  by t h e  K/V 
W a l t h e r  H erwig  f o r  8 s t a t i o n s  i n  West  B r i t i s h  w a t e r s  ( 4 8 ° 2 7 fN -  61°0Q '
N) i n  d e p t h s  from 1200 t o  2050 m r a n g e  f ro m  1 t o  10 s p e c i m e n s  (LCL -  1 , 1  
GH -  1 . 8 ;  UCL - 3 . 1 ) .  A summary o f  t h o s e  o f  t h e  " O p e r a t i o n  O v e r f l o w "  
e x p e d i t i o n  a r e  found i n  T a b l e  2 4 .  The m a g n i tu d e  o f  t h e  d i f f e r e n c e s  
i n  t h e  numbers o f  A n t im ora  a t  c o m p a ra b le  d e p t h s  i s  more s t r i k i n g  when 
t h e  g e a r s  u t i l i z e d  i n  t h e  two s t u d y  a r e a s  a r e  e x a m in e d .  The R/V 
W a l t h e r  Herwig  f i s h e d  e i t h e r  a  61 m ( 2 0 0 r ) o r  a  4 2 . 7  m ( 1 4 0 ’ ) b o t t o m  
t r a w l  w h i l e  we h a v e  employed a 13*7 m b o t t o m  t r a w l .  The s w a th  o f  t h e  
German t r a w l s  a r e  f a r  l a r g e r  t h a n  t h o s e  o f  t h e  1 3 , 7  m t r a w l  y e t  t h e  1 3 . 7  
m t r a w l  c o n s i s t e n t l y  c a u g h t  g r e a t e r  numbers  o f  A. r o s t r a t a  a t  t h e  same 
d e p t h s .
G ray ’ s {1956} g e n e r a l i z e d  d i s t r i b u t i o n a l  p a t t e r n  foT A. r o s t r a t a  
( r a n g e  402 t o  2904 m, c e n t e r  o f  maximum a b u n d a n c e  1800 m) i s  in  
a g r e e m e n t  w i t h  o u r  s t u d y .  C o m pa r i sons  o f  o u r  r e s u l t s  w i t h  t h e  
a v a i l a b l e  l i t e r a t u r e  on w e s t e r n  N o r th  A t l a n t i c  p o p u l a t i o n s  o f  A. 
r o s t r a t a  a p p e a r  to  d e m o n s t r a t e  an  i n c r e a s e  i n  d e p t h  w i t h  d e c r e a s e  i n  
l a t i t u d e  f o r  t h i s  s p e c i e s *  P a r s o n s  ( 1 9 7 6 ,  F i g .  24)  r e p o r t s  m o d e r a t e  
o t t e r  t r a w l  c a t c h e s  o f  A. r o s t r a t a  from t h e  Nova S c o t i a n  s l o p e  (44°N )  
to  t h e  s l o p e  o f f  L a b r a d o r  (60°N) a t  d e p t h s  o f  457 t o  823 m. The c a t c h e s  
r a n g e d  from 5 t o  10 f i s h / h r  t r a w l  o f f  t h e  S c o t i a n  s h e l f  t o  157/hT on 
t h e  e a s t e r n  s l o p e  o f  t h e  Grand Bank i n  640 t o  732 m. The s h a l l o w e s t  
d e p t h  o f  c a p t u r e  was 229 m on t h e  s o u t h w e s t  s l o p e  o f  t h e  Grand B an k .  
S c h r o e d e r  (1955 )  r e p o r t e d  c a t c h / h a u l  v a l u e s  f rom  0 . 5  t o  1 . 0  h r  o t t e r  
t r a w l s  of  14 t o  29 i n d i v i d u a l s  i n  d e p t h s  f rom  549 t o  1280 m i n  t h e  
a r e a  be tween  53a 1 7 fW and 6 5 ° 5 9 1VI, w h i l e  s o u t h  o f  t h i s  a r e a  t o  t h e  
s l o p e  o f f  Cape Henry* V i r g i n i a  ( 7 4 ° l 5 fW), he  s t a t e s  o n l y  a " s c a t t e r i n g "
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F i g u r e  7 8 .  P l o t s  o f  n u m e r i c a l  d o m i n a n c e  and p e r c e n t  o f  c a t c h  by
b i o m a s s  f o r  A n t l m o r a  r o s t r a t a  a s  a  f u n c t i o n  o f  d e p t h  fo  
a l l  c r u i s e s .  Open c i r c l e s  = 1 3 . 7  m t r a w l  c a t c h e s ,  X ' s  
7 . 1  m t r a w l  c a t c h e s .
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T a b l e  2A.
Sumnary  o f  A n t i t n o ra  r o s t r a t a  c a t c h e s  d u r i n g  t h e  1973 " O p e r a t i o n  O ver ­
f l o w "  E x p e d i t i o n  w i t h  a  4 2 . 7  m { 1 4 0 ' )  b o t t o m  t r a w l  towed f o r  30 min .
D e p th  I s t h e  a v e r a g e  o f t h e  two e x t r e m e  d e p t h s d u r i n g  t h e  t r a w l *
L a t i t u d e
°N
L o n g i t u d e
°W
Depth
M
# C a u g h t X(SL)±955£ CT 
ram
E x t r e m e s
6 3 ° 1 3 f 2 5 ° 5 3 t 945 1 101
6 4 ° 2 6 f 29°05* 1491 8 308169 2 2 1 - 4 3 2
6 5 ° 1 5  * 29°15  * 1503 9 269+52 2 1 2 - 4 4 2
6 5 ° 0 3 ’ 33°04* 1519 18 404+39 2 8 5 -5 5 2
6 4 ° 4 6 . 5 ’ 3 2 ^ 3 8 1 2026 8 407+26 3 5 8 - 4 5 1
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was c a u g h t  I n  d e p t h s  f rom  730 t o  12B0 m. H a e d r l c h  e t  a l .  ( 1 9 7 5 )  p r e s e n t  
a  d e p t h  d i s t r i b u t i o n  f rom  900 t o  1900 m w i t h  a maximum a b u n d a n c e  
f ro m  1300  t o  1600 n  ( s e e  t h e i r  F i g .  5) on t h e  c o n t i n e n t a l  s l o p e  o f f  New 
E n g la n d  ( b e t w e e n  3 9 ° 4 5 'N  t o  4 0 ° 0 0 , N and 7 0 ° 3 0 t W t o  7 l ° 0 O rW). I t  
s h o u l d  be  n o t e d  t h a t  t h e t r  c o n c l u s i o n s  a r e  b a s e d  on 30 A. r o s t r a t a  
c o l l e c t e d  w i t h  a 4 . 8  m ( 1 6 ' )  o t t e r  t r a w l ,  M a r k l e  and  Mustek  (1974)  
t r a w l e d  s m a l l  numbers  o f  A. r o s t r a t a  f rom  750 t o  1000 m In  t h e  
n o r t h e r n  p o r t i o n  o f  t h e i r  s t u d y  a r e a  ( 3 8 ° 2 6 fH t o  39 5 0 ' N) w h i l e  none  
w e r e  c a p t u r e d  a t  c o m p a r a b le  d e p t h s  s o u t h  t o  3 6 ° 2 4 'N .  Mustek  e t  a l .
(1 9 7 5 )  f o u n d  t h e  d e p t h  r a n g e  t o  be  f rom  1142 t o  a t  l e a s t  2562 m w i t h  
a mode o f  1661 m o f f  t h e  New J e r s e y  c o a s t .  T h e s e  d a t a  I n d i c a t e  t h a t  
n o r t h e r n  p o p u l a t i o n s  o f  A, r o s t r a t a  a r e  found  a t  l e a s t  500 rn s h a l l o w e r  
t h a n  t h o s e  o f f  V i r g i n i a .
S i z e  and D ep th  R e l a t i o n s :
The l e n g t h  w e i g h t  r e l a t i o n s h i p  f o r  A. r o s t r a t a  from t h e  N o r f o l k  
Canyon a r e a  f o r  m a le s  and f e m a l e s  com bined  I s  i n  F i g . 70, L e n g t h  
f r e q u e n c y  d i s t r i b u t i o n  f o r  a l l  c r u i s e s  I s  found  i n  F i g , 80 ,  The 
s m a l l e s t  I n d i v i d u a l  i s  118 mm SL w h i l e  t h e  l a r g e s t  i s  545 nm SL. A 
s l z e - d e p t h  r e l a t i o n  e x i s t s  w i t h  s m a l l e r  i n d i v i d u a l s  found i n  t h e  
s h a l l o w e r  end  o f  t h e  b a t h y m e t r i c  d i s t r i b u t i o n  ( F i g .  8 1 ) .  P a r s o n s
(1976)  p r e s e n t e d  d a t a  i n d i c a t i n g  a  s i m i l a r  t y p e  o f  r e l a t i o n s h i p  in  
C a n a d i a n  A t l a n t i c  w a t e r s .  F i s h e s  t r a w l e d  a t  457  t o  549 m had  a mean 
w e i g h t  o f  140 g ,  w h e r e a s  t h o s e  a t  732 t o  832 m a v e r a g e d  360 g.  Long-  
l i n e  c a t c h e s  i n  d e p t h s  f rom  1280 t o  2377 m g a v e  a v e r a g e  v a l u e s  o f  600  
t o  1600 g .  A l th o u g h  t h e  g e a r s  a r e  h a r d l y  c o m p a r a b l e  ( l o n g l i n e e  
p r o b a b l y  s h o w in g  b i a s  t o w a r d s  l a r g e  members o f  t h e  p o p u l a t i o n ) t
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F i g u r e  7 9 .  S t a n d a r d  l e n g t h - v e i g h t  r e l a t i o n s h i p  f o r  b o t h  m a le s  and
f e m a le s  o f  A n t lm o ra  r o s t r a t a  from t h e  N o r f o lk  Canyon a r e a .
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F i g u r e  8 0 .  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  A n t i rao ra  r o a t r a t a  
f rom  a l l  c r u i s e s .
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e s t i m a t e d  a v e r a g e  s i z e s  f rom  P ig*  79 a r e :  457 t o  549 m, 266 mm SL; 732
to  823 nit 349 mm SL; 1280 t o  2377  m. 405 t o  537 mm SL. A l t h o u g h  t h e s e  
a l z e - d e p t h  d a t a  a r e  s u s p e c t  a n d  c a n  o n l y  b e  b o r n e  o u t  by a n a l y s i s  o f  
d e e p - w a t e r  t r a w l i n g  i n  t h e s e  a r e a e ,  t h e y  do  f i t  t h e  p a t t e r n  f o r  N o r f o l k  
Canyon (F ig*  81) e x c e p t  t h a t  A. r o s t r a t a  i a  c o l l e c t e d  i n  much s h a l l o w e r  
d e p t h s  I n  C a n a d i a n  A t l a n t i c  w a t e r s .
A skewed s e x - d e p t h  d i s t r i b u t i o n  becomes  a p p a r e n t  when th e  p e r c e n t  
m a le s  i n  t h e  A. r o s t r a t a  c a t c h  i s  p l o t t e d  a g a i n s t  t h e  mean t r a w l  d e p t h  
( F i g .  8 2 ) .  Male A n t l m o r a  e x c e e d  502! o f  t h e  c a t c h  i n  t h e  s h a l l o w e r  end  o f  
i t s  b a t h y m e t r i c  d i s t r i b u t i o n  w h e r e a s  t h e y  a r e  a l m o s t  a b s e n t  In t h e  deep  
tows ( T a b l e  2 2 ) .
B u l l l s  and  S t r u h s a k e r  ( 1 9 7 0 )  fo u n d  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  
mean s i z e  and d e p t h  o f  c a p t u r e  f o r  s e v e r a l  s p e c i e s  t r a w l e d  on t h e  
w e s t e r n  C a r i b b e a n  u p p e r  s l o p e .  S u c h  a r e l a t i o n s h i p  c o u l d  h e  c a l c u l a t e d  
f o r  t h e  A.* r o s t r a t a  d a t a  u t i l i z e d  I n  t h l B  p a p e r  b u t  i t  w o u ld  mask t h e  
a c t u a l  s i z e  v a r i a t i o n  i n  an i n d i v i d u a l  s a m p l e  ( F i g .  81) a n d  f a i l  t o  
show t h e  I n f l u e n c e  o f  t h e  h i g h  p e r c e n t a g e  o f  m a l e s  ( F i g .  82 )  w h ich  a r e  
o f  a  s m a l l e r  a v e r a g e  s i z e  (F ig*  8 3  and T a b l e  22) i n  t h e  s h a l l o w e r  
d e p t h s  o f  t h e  s p e c i e s  range*
R e p r o d u c t i o n :
O v a r i e s  o f  A. r o s t r a t a  h a v e  a t y p i c a l  g a d l d  t y p e  s t r u c t u r e  ( s e e  
V la d y k o v ,  1 9 7 2 t F i g ,  1)  a p p e a r i n g  a s  p a i r e d  f i n g e r - l l k e  p r o j e c t i o n s  
S u s p en d ed  by  m e s e n t e r y  f rom t h e  d o r s a l  p e r i t o n e u m .  The s u r f a c e  o f  t h e  
o v a r i e s  i s  g e n e r a l l y  d a r k l y  p i g m e n t e d  a n d ,  i n  c r o s s  s e c t i o n ,  t h e  
s t r u c t u r e  o f  t h e  o u t e r  o v a r i a n  t u n i c  i s  i n  e s s e n t i a l  a g r e e m e n t  w i t h  
t h a t  d e s c r i b e d  by Combs (1969)  f o r  t h e  o v a r y  o f  B r e v o o r t l a  p a t r o n u s  
w i t h  a n  e x t e r n a l  m e s o t h e l i a l  c o v e r i n g ,  an  u n d e r l y i n g  f i b r o u s  l a y e r ,  a
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F i g u r e  f l l .  S i z e - d e p t h  r e l a t i o n s h i p  o f  A n t l m o r a  r o s t r a t a  f rom
N o r f o l k  C a n y o n . O n l y  1 3 . 7  m t r a w l  v a l u e s  I n c l u d e d ,  Dashed  
l i n e  s e p a r a t e s  0 . 5  ( l e f t )  a n d  1 , 0  h r  t o w s .  The  792 to 
r e c o r d  a n d  a l l  s i n g l e  a n d  d o u b l e  c a p t u r e s  o m i t t e d  f ro m  
g r a p h .
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F i g u r e  82.  P e r c e n t  m a le s  I n  t h e  c a t c h e s  o f  A n t l in o ra  r o a t r a t a  a s  a  
f u n c t i o n  o f  d e p t h .  Open c i r c l e s  ■ 1 3 .7  m, X 'e  ■* 7 ,1  m 
t r a w l  c a t c h e s .
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F i g u r e  8 3 .  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  b y  s e x  f o r  A n t i m o r a  r o s t r a t a  
f o r  4 d e p t h  s t r a t a  i n  t h e  N o r f o l k  Canyon  a r e a .  O n ly  1 3 . 7  m 
t r a w l  d a t a  I n c l u d e d .
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band o f  smooth m u s c le  w i t h  t h e  i n t e r n a l  l a y e r  g i v i n g  r i s e  t o  t h e  
o v i g e r o u s  l a m e l l a e  which p r o j e c t  I n t o  t h e  c e n t r a l  lumen ( F i g .  8 4 a ) .
Moat f e m a l e s  ( ^OK) exam ined  h i s t o l o g i c a l l y  p o s s e s s e d  i r r e g u l a r l y  s h a p e d  
o o c y t e s  r a n g i n g  I n  s i z e  from 0 .054  t o  0 ,0 8 5  (IT ■ 0 . 0 6 5 )  nun I n  g r e a t e s t  
d i a m e t e r .  The n u c l e u s  i s  s p h e r i c a l l y  s h a p e d  and c e n t r a l l y  l o c a t e d  
and  r a n g e s  in  s i z e  from 0 .0 2 8  t o  0 ,0 4 0  (X -  0.0.3) mm and  c o n t a i n s  
from 4 t o  17 s m a l l ,  d e n s e l y  b a s o p h i l i c  s p h e r i c a l  s t r u c t u r e s ,  t h e  p r o t o -  
v i t e l l o n u c l e o l i  o f  Contis (1969)  , a l i g n e d  a l o n g  t h e  i n t e r i o r  edge  o f  t h e  
n u c l e a r  membrane,  A few i n d i v i d u a l s  had  o o c y t e s  o f  a  maximum d i a m e t e r  
o f  0 .1 2  mm, f o l l i c l e  c e l l s  s u r r o u n d i n g  t h e  v i t e l l i n e  membrane,  c y t o ­
p l a s m ic  v a c u o l e s ,  and an  i r r e g u l a r l y  s h a p e d  n u c l e u s  show ing  t h e  o n s e t  
o f  o o c y t e  m a t u r a t i o n  w i t h i n  t h e  o v a r y .  Two f e m a le s  showed a much g r e a t e r  
d e g r e e  o f  m a t u r i t y  t h a n  o t h e r  i n d i v i d u a l s .  One (SL = 512 mm, w e i g h t  
-  1325 g)  c o l l e c t e d  In J a n u a r y  1976 had  an  e s t i m a t e d  1 , 3 5 1 , 3 0 0  
eg g s  r a n g i n g  i n  s i z e  f rom  0 . 2 2  to  0 . 3 3  itm i n  d i a m e t e r  (X *■ 0 . 2 6  mm).
The o v a r y  made up 2.7% o f  t h e  w e ig h t  o f  t h e  f i s h .  A n o t h e r ,  c o l l e c t e d  
in  J u l y  1975 (SL ■ 606 mm, w e ig h t  ■= 1405 g)  had  an e s t i m a t e d  7 6 0 ,0 0 0  
eggs  from 0 .6  t o  0 .8 5  mm (X ■ 0 .6 8  mm) in  d i a m e t e r .  The o v a r y  made up 
9,3% o f  t h e  w e i g h t  o f  t h e  f i s h  and was n o t i c e a b l y  s w o l l e n  on d i s s e c t i o n .  
H i s t o l o g i c a l  s e c t i o n s  showed dense  e o s i n o p h i l i c  y o l k  g r a n u l e s ,  w e l l -  
d e v e l o p e d  v i t e l l i n e  membranes and f o l l i c l e  c e l l s  ( F i g .  84b & c ) .
N e i t h e r  a t r e s i a  n o r  r e s i d u a l  o o c y t e s  w h ich  r em a in  i n  t h e  o v a ry  a f t e r  
spaw ning  were o b s e r v e d  i n  any A. r o s t r a t a  e x a m in e d .
The testis of immature Antlmora roHtrata resemble paired, thin, 
string-shaped structures along the dorsal surface of the peritoneal 
cavity in specimens showing no sexual maturity. These are difficult 
to distinguish initially but become obvious with close inspection.
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F i g u r e  84,  H i s t o l o g i c a l  s e c t i o n s  o f  A n t l m o r a  r o s t r a t a  g o n a d s .
D a v i d s o n ’s  f i x a t i v e ,  H a r r i s  h e m a t o x y l i n - e o s i n  s t a i n .
A. C r o s s - s e c t i o n  o f  t h e  im m atu re  o v a r y  f rom  a 400 mm SL 
b l u e  h a k e  c o l l e c t e d  on J u n e  1 5 ,  1973 a t  1591 m i n  
N o r f o l k  Canyon .  N o te  t h e  o o c y t e s  a l i g n e d  a l o n g  t h e  
e d g e  o f  t h e  o v i g e r o u a  l a m e l l a e  (OVL) w h ich  p r o j e c t  i n t o  
t h e  lumen (L)  o f  t h e  o v a r y ,  OT ■ o v a r i a n  t u n i c ,
B. C r o s s - s e c t i o n  o f  m a t u r i n g  o o c y t e s  f r o m  a  505 am SL b l u e  
h a k e  c o l l e c t e d  on J u l y  2 7 ,  1975 a t  206B m i n  t h e  m i d -  
A t l a n t i c  B i g h t .  N o te  i r r e g u l a r l y  s h a p e d ,  c e n t r a l l y  
l o c a t e d  n u c l e u s  f N ) , w e l l - d e v e l o p e d  v i t e l l i n e  membranes  
(VM), and  d e n s e l y  p a c k e d  y o l k  g r a n u l e s .
C. H i g h e r  m a g n i f i c a t i o n  o f  one  o f  t h e  o o c y t e s  i n  B* Note  
t h e  s p e r i c a l  y o l k  g r a n u l e s  (YG), t h e  v i t e l l i n e  membrane 
(VM) and  t h e  f o l l i c l e  c e l l s  (FC) a l i g n e d  a l o n g  t h e  e d g e  
o f  t h e  v i t e l l i n e  membrane.
D. C r o s s - s e c t i o n  o f  t h e  t e s t i s  o f  a  365 mm SL b i d e  h a k e  
c o l l e c t e d  on November 1 7 ,  1974 a t  a  d e p t h  o f  1910 m i n  
N o r f o l k  Canyon .  T h i s  m a le  p o s s e s s e d  c o n v o l u t e d  g o n a d s  
( s e e  t e x t  f o r  d i s c u s s i o n ) .  Note t h e  a b s e n c e  o f  s p e r m a ­
t i d s  and s p e r m a t o z o a  in  t h e  lumen (L) o f  t h e  s e m i n i ­
f e r o u s  t u b u l e s .  The m os t  a d v a n c e d  c e l l s  a r e  s e c o n d a r y  
s p e r m a t o c y t e s  (5 C 2 ) .
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A t t h e  s t a r t  o f  g o n a d a l  m a t u r i t y  * t h e  t e s t I s  t a k e  on  a  c o n v o l u t e d  
g a d I d - l i k e  a p p e a r a n c e  r e s e m b l i n g  t h e  t e s t i s  o f  t h e  h a d d o c k ,
Melanogramrcua  a e ^ l e f i n i s  ( s e e  V la d y k o v ,  1972 F i g .  6 ) ,  O n ly  16 s p e c i m e n s  
o u t  o f  472  m a le  A n t i m e r a  e x a m in e d  sh o v ed  t h i s  t e s t i c u l a r  d e v e l o p m e n t .  
T h e s e  d e v e l o p i n g  i n d i v i d u a l s  w e r e  c o l l e c t e d  I n  a l l  s e a s o n s  a l t h o u g h  
t h e  l a r g e s t  number  was e n c o u n t e r e d  I n  S e p te m b e r  and  a v e r a g e d  352 nan SL 
{ e x t r e m e s }  2 3 3 -3 9 6  mm).
H i s t o l o g i c a l  s e c t i o n s  o f  m a le  A. r o s t r a t a  w i t h  c o n v o l u t e d  g o n a d s  
f a i l e d  t o  show e i t h e r  t h e  p r e s e n c e  o f  r e s i d u a l  s p e r m a t o z o a  i n  t h e  
s e m i n i f e r o u s  t u b u l e s  I n d i c a t i n g  a p a s t  s p a w n i n g  o r  a  l a r g e  amount o f  
spe rm  p r o v i d i n g  e v i d e n c e  f o r  e m i n e n t  s p a w n i n g .  O n ly  one s p e c i m e n  
(SL -  365 mm) c a p t u r e d  I n  N ovember  1974 had  p r i m a r y  and s e c o n d a r y  
s p e r m a t o c y t e s  I n  t h e  t e s t i s  ( F i g .  8 4 d ) . A l l  o t h e r s  w i t h  c o n v o l u t e d  
go n ad s  h a d  p r i m a r y  a n d  s e c o n d a r y  s p e r m a t o g o n i a .
The c o m p l e t e  a b s e n c e  o f  s e x u a l l y  m a t u r e  m a l e s  and  f e m a l e s  ( f e m a l e s  
w h ic h  h a d  c l e a r  e g g s  e a s i l y  d i s p e l l e d  from t h e  o v a r y  by g e n t l e  a b d o m i n a l  
p r e s s u r e ;  r u n n i n g  r i p e  m a l e s  w i t h  spe rm  i n  h i s t o l o g i c a l  s e c t i o n s )  i n  t h e  
m i d - A t l a n t i c  B i g h t  o v e r  t h e  c o u r s e  o f  th e  s e a s o n a l  s a m p l i n g  and  t h e  
a b s e n c e  o f  s m a l l e r  f i s h e s  i n  t h e  l e n g t h  f r e q u e n c y  d i s t r i b u t i o n s  l e a d  me 
t o  b e l i e v e  t h a t  A. r o s t r a t a  u t i l i z e s  t h e  c o n t i n e n t a l  s l o p e  i n  t h e  m i d -  
A t l a n t i c  B i g h t  a s  a  n o n - t e p r o d u c t i v e  o r  s o m a t i c  h a b i t a t  ( s e n s u  M a r k l e ,  
1 9 7 6 ) ,  A n t im o r a  r o s t r a t a  p r o b a b l y  u s e s  t h i s  g e o g r a p h i c  a r e a  a s  a 
f e e d i n g  g r o u n d  f o r  p o s t - j u v e n i l e  and  p r e - s p a w n l n g  a d u l t s  a n d  w i t h  t h e  
o n s e t  o f  s e x u a l  m a t u r i t y ,  u n d e r t a k e s  r e p r o d u c t i v e  m i g r a t i o n s .  Cohen 
( 1 9 7 7 )  h a s  shown t h a t  t h e  b l u e  h a k e  swims w i t h  t h e  same p o w e r  a s  t h e  
r a i n b o w  t r o u t  ( Salmo g a i r d n e r i ) w h ic h  i n d i c a t e s  t h a t  A n t i m o r a  d o e s  h a v e  
t h e  c a p a c i t y  t o  u n d e r t a k e  m i g r a t i o n s .
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F o u r  a l t e r n a t i v e s  e x i s t  f o r  t h e  s p a w n i n g  a r e a  o f  A. r o s t r a t a .
F i r s t ,  a s p a w n in g  a r e a  t o  t h e  s o u t h  o f  Cape H a t t e r a s  on t h e  Blake  
P l a t e a u  w o u ld  p r o v i d e  t h e  G u l f  S t r e a m  a s  a  means  f o r  e g g  and l a r v a l  
d i s p e r s a l  and  would e x p l a i n  i t s  N o r th  A t l a n t i c  d i s t r i b u t i o n a l  p a t t e r n .  
T h i s  c a n  be  r u l e d  o u t  a s  Ant i tnora  i s  r a r e  s o u t h  o f  H a t t e r a s  and  i t s  
e g g s  a n d  l a r v a e  h a v e  n e v e r  b e e n  t a k e n  f rom  t h e  G u l f  S t r e a m  (D, M. Cohen ,  
p e r s .  conm , } ,  S e c o n d ,  t h i s  s p e c i e s  may spawn In  d e p t h s  g r e a t e r  t h a n  
3000 m. T h i s  i s  e s s e n t i a l l y  u n t e s t e d  a s  we h a v e  made o n l y  one  t r a w l  a t  
t h e s e  d e p t h s .  T h i r d ,  A n t im o ra  may r i s e  o f f  t h e  b o t t o m  to  spawn i n  m id ­
w a t e r .  T h i s  c a n  be  r u l e d  o u t  f o r  two r e a s o n s .  I f  A n t i m o r a  d i d  spawn 
i n  mid—w a t e r ,  K r e f f t  a n d  h i s  c o - w o r k e r s  s h o u l d  h a v e  c a p t u r e d  many more  
m i d - w a t e r  s p e c i m e n s  t h a n  t h e  one I n d i v i d u a l  p r e v i o u s l y  m e n t ioned  d u r i n g  
t h e i r  e x t e n s i v e  s a m p l i n g  w i t h  l a r g e  m i d - w a t e r  t r a w l s .  A l s o ,  f i s h e s  
do no becom e s e x u a l l y  m a t u r e  o v e r n i g h t .  T h e i r  go n ad s  f o l l o w  a s e r i e s  
o f  s t a g e s  i n  t h e  m a t u r a t i o n  p r o c e s s  t h a t  c an  be  t r a c e d  by b o t h  m a c ro ­
s c o p i c  and  m i c r o s c o p i c  o b s e r v a t i o n s .  I f  i n d i v i d u a l  A. r o s t r a t a  became 
s e x u a l l y  a c t i v e  and t h e n  m i g r a t e d  i n t o  m i d - w a t e r ,  we s h o u l d  h a v e  s e e n  
e v i d e n c e  o f  t h i s  a c t i v i t y  i n  t h e  h i s t o l o g i c a l  s e c t i o n s  o f  t h e  g o n a d s .
I n  o u r  s a m p l e s ,  h o w e v e r ,  t h e r e  was  a p a u c i t y  o f  r i p e n i n g  i n d i v i d u a l s .  
F o u r t h ,  A. r o s t r a t a  may spawn I n  t h e  n o r t h e r n  p a r t  o f  i t s  w e s t e r n  
N o r th  A t l a n t i c  g e o g r a p h i c a l  r a n g e .  A l t h o u g h  t h e  e g g s  and  l a r v a e  a r e  
unknown, t h e  s m a l l  s i z e  o f  t h e  m a t u r i n g  e g g s  and t h e  r e l a t i v e l y  h i g h  
r e p r o d u c t i v e  p o t e n t i a l  s u g g e s t  t h a t  t h e y  a r e  p e l a g i c  w i t h  t h e  l a r v a e  
p r o b a b l y  s p e n d i n g  t i m e  i n  t h e  p e l a g i c  r e a l m .  An a r e a  o f  r e l a t i v e l y  
h i g h  o r g a n i c  p r o d u c t i v i t y  i s  more c o n d u c t i v e  t o  L a r v a l  s u r v i v a l  and  
g ro w th  t h a n  t h e  r e l a t i v e l y  s t e r i l e  a r e a s  o v e r l y i n g  t h e  d e e p e r  r e g i o n s  
o f  t h e  m i d - A t l a n t i c  s l o p e .
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P o d r a z h a n s k a y a  ( 1 9 7 1 )  s u g g e s t e d  t h a t  a n o t h e r  a t c h i b e n t h i c  
f i s h ,  Cor  y p h a e  no I d e s  r u p e s t r l s . u n d e r t o o k  n o r t h e r l y  s p a w n in g  m i g r a t i o n s  
f ro m  t h e  C a n a d i a n  s l o p e  t o  w a t e r s  o f f  I c e l a n d ,  She p o i n t e d  o u t  t h a t  
t h e  p r e d o m i n a t i n g  c u r r e n t s  would p a s s i v e l y  t r a n s p o r t  e g g s  and l a r v a e  
t o  t h e  d e m e r s a l  f e e d i n g  g ro u n d s  o f f  N ew fo u n d lan d .  An a n a l o g o u s  p a s s i v e  
t r a n s p o r t  s y s t e m  h a s  b e e n  s u g g e s t e d  by M a rk le  (1975) f o r  G l y p t o c e p h a l u s  
c y n o g l o s s u B  w h ich  u t i l i z e s  t h e  u p p e r  s l o p e  on  th e  m i d d le  A t l a n t i c  
c o a s t  a s  a  n u r s e r y  a r e a .  L a rva e  o f  t h i s  s p e c i e s  a r e  common In  p l a n k t o n  
c o l l e c t i o n s  made o v e r  t h e  s h e l f  w he re  t h e y  a r e  b e i n g  s w e p t  s o u t h w a r d  
by  t h e  c o a s t a l  c u r r e n t s .  The s i t u a t i o n  i s  d i f f e r e n t ,  h o w e v e r ,  f o r  
m i d d l e  A t l a n t i c  c o n t i n e n t a l  s l o p e  p o p u l a t i o n s  o f  A. r o s t r a t a  I n  t h a t  
t h e r e  a r e  n e i t h e r  s m a l l  i n d i v i d u a l s  p r e s e n t  i n  t r a w l  c o l l e c t i o n s  from 
t h i s  a r e a  n o r  eggs  o r  l a r v a e  i n  p l a n k t o n  c o l l e c t i o n s .  I f  A. r o s t r a t a  
spawned i n  t h e  n o r t h e r n  p o r t i o n  o f  i t s  g e o g r a p h i c  r a n g e ,  i t  w o u ld  be 
e x p e c t e d  t h a t  s m a l l e r  i n d i v i d u a l s  would be e n c o u n t e r e d  I n  more n o r t h e r l y  
a r e a s .  The s m a l l e r  a v e r a g e  s i z e  a t  457 t o  459 m (X SL ■ 325 mm) o f  t h e  
s h a l l o w e s t  N o r f o l k  Canyon  c o l l e c t i o n s  may l e n d  e v i d e n c e  t o  t h i s  
h y p o t h e s i s .  I n  a d d i t i o n ,  t h e  p r e d o m i n a n t  c u r r e n t s  o v e r  t h e  c o n t i n e n t a l  
s l o p e  f l o w  s o u t h  and w e s t  from t h e  Grand Banks toward  Cape H a t t e r a s  
( W e b s t e r ,  1 9 6 9 ;  W o r t h i n g t o n ,  1064;  G a t i e n ,  1 9 7 6 ) ,  and c o u l d  t r a n s p o r t  
e g g s  a n d  l a r v a e .
The e v i d e n c e  p r e s e n t e d  f o r  a  n o r t h e r l y  s p a w n in g  m i g r a t i o n  i n  A, 
r o s t r a t a  i s  c o n j e c t u r a l ,  b u t  we p r e s e n t  i t  a s  an  h y p o t h e s i s  t o  b e  
t e s t e d  b y  i n v e s t i g a t o r s  w i t h  t h e  f a c i l i t i e s  and o p p o r t u n i t y  t o  s am p le  
t h e  more  n o r t h e r l y  r e a c h e s  o f  t h e  Nor th  A t l a n t i c .
Part  VIT,
D l s t r I b u t i o n , A bundance  and 
R e p r o d u c t i o n  o f  D i c r o l e n e  i n t r o n l g r a  
I n  t h e  W e s t e r n  N o r t h  A t l a n t i c
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I n t r o d u c  t i o n
B r o t u l i d  f i s h e s  o f  t h e  f a m i l y  O p h i d i i d a e  a r e  i m p o r t a n t  members o f  
th e  b e n t h i c  f i s h  communi ty  o n  t h e  c o n t i n e n t a l  s l o p e s  and  a b y s s a l  z o n e s  
o f  t h e  w o r l d ’ s  o c e a n s  ( M a r s h a l l  1 9 5 4 ) ,  The most  f r e q u e n t l y  e n c o u n t e r e d  
b r o t u l i d  I n  b e n t h i c  f i s h  s u r v e y s  on t h e  c o n t i n e n t a l  e l o p e  o f f  t h e  
M id d le  A t l a n t i c  c o a s t  i s  D i c r o l e n e  I n t r o n i g r a  Goode and  Bean 1883 
( S c h r o e d e r  1955 ;  M a r k l e  and Mustek  1974 ;  Mustek e t  a l .  1 9 7 5 ) ,  T h i s  
s p e c i e s  h a s  b e e n  r e p o r t e d  f rom  t h e  e a s t e r n  and w e s t e r n  A t l a n t i c  and t h e  
n o r t h  I n d i a n  Ocean  (G rey  1 9 5 8 ) ,  I n  t h e  w e s t e r n  N or th  A t l a n t i c  i t  i s  
found  from a b o u t  41°N (Goode and Bean 1896)  s o u th  a l o n g  t h e  m i d d l e  
A t l a n t i c  S l o p e  ( S c h r o e d e r  1955 ;  M a rk le  and Musick  1974) t o  t h e  S t r a i t s  
o f  F l o r i d a  ( S t a i g e r  1970) a n d  th e  G u l f  o f  Mexico ( B r i g h t  1968) .
With  t h e  e x c e p t i o n  o f  t h e  l i m i t e d  fo o d  h a b i t s  d a t a  from th e  G u l f  
o f  Mexico ( B r i g h t  1 9 6 8 ) ,  m os t  r e f e r e n c e s  t o  t h i s  s p e c i e s  a r e  m e r e l y  a s  
p a r t  o f  a f a u n a  1 c h e c k l i s t  o r  a s  p a r t  o f  a community  s t u d y  (M ark le  a n d  
M usick  1974;  M us ick  e t  a l ,  1 9 7 5 ) ,  D a ta  on t h e  d i s t r i b u t i o n ,  l i f e  
h i s t o r y  and e c o l o g y  o f  t h i s  s p e c i e s  a r e  n o n - e x i s t e n t .  The p u r p o s e  o f  
t h i s  r e p o r t  I s  to  p r o v i d e  some i n f o r m a t i o n  on t h i s  s p e c i e s  i n  t h e  
w e s t e r n  N or th  A t l a n t i c .
M a t e r i a l s  and  Methods
D i c r o l e n e  i n t r o n i g r a  (n  ** 550) w e re  c o l l e c t e d  d u r i n g  s i x  c r u i s e s  
( T a b l e  25) on t h e  c o n t i n e n t a l  s l o p e  o f f  t h e  e a s t  c o a s t  o f  t h e  U .S .  w i t h  
e i t h e r  a 9 . ]  o r  a 1 3 .7  m o t t e r  t r a w l  ( s e e  Muaick  e t  a l .  1975 f o r  d e -
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T a b l e  25.
C o l l e c t i o n  d a t a  f o r  c r u i s e s  u t i l i z e d  I n  t h i s  s t u d y ,
D a t e  V e s s e l  A re a  Sampled Trawl S i a e
_________  ______________  ______ ( L a t i t u d e  N)____________ (m)
J u n e  1973 R/V I s e l i n t- 3 7 D10' 13. 7
A p r i l  1974 R/V E a s t w a r d 3ft°40 , - 3 7 ° W ' 9.1
November  1974 R/V Gil  l i a s 36°40 t - 3 7 p1 0 > 13. 7
J u l y  1975 R/V E a s t w a r d 36°40 ' - 3 8 ° 4 0 ' 9.1
S e p t e m b e r  1975 R/V G i U i s s 36°40 ' - ^ l O * 13, 7
J a n u a r y  1975 R/V G i l l i s s 3(i°40 1- 3 7 ° l O T 13. 7
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t a i l e d  g e a r  d i m e n s i o n s ) .  Tow d u r a t i o n  w as  0 . 5 -h  and  mean d e p t h  o f  t r a w l  
was o b t a i n e d  f rom d e p t h  m e a s u r e m e n t s  t a k e n  e v e r y  3 m in  a f t e r  t h e  t r a w l  
was s e t  ( “  end o f  w i r e  p a y - o u t ) .  A t  s e a  s t a n d a r d  l e n g t h  ( S L ) ,  s e x  
and  r e l a t i v e  gonad c o n d i t i o n  w ere  t a k e n  f o r  a l l  s p e c i m e n s ,  and  on  t h e  
J a n u a r y ,  J u l y  and S e p t e m b e r  c r u i s e s  w e i g h t  was m e a s u r e d  t o  t h e  n e a r e s t  
gram on a " D i a l - 0 - G r a m "  s c a l e ,  A r e p r e s e n t a t i v e  s e r i e s  o f  go n ad s  f o r  
h i s t o l o g i c a l  e x a m i n a t i o n  w e r e  t a k e n  on e a c h  c r u i s e  i n  o r d e r  to  chec k  
m a c r o s c o p i c  s t a g i n g  o f  t h e  m a t u r i t y  w i t h  m i c r o s c o p i c  m o r p h o l o g y .
D i g e s t i v e  t r a c t s  f r o m  23 I), i n t r o n l g r a  from 185 to  260 mm SL 
(x  =■ 208 ram) w ere  removed a n d  f i x e d  i n  103£ s e a w a t e r  f o r m a l i n  and  l a t e r  
were  t r a n s f e r r e d  t o  79K e t h y l  a l c o h o l .  B e c a u s e  o f  t h e  e x p a n s i o n  o f  
t h e  w e l l  d e v e l o p e d  s w l r a b l a d d e r  c a u s e d  by  t h e  r e d u c t i o n  o f  h y d r o s t a t i c  
p r e s s u r e  d u r i n g  n e t  r e t r i e v a l ,  m os t  s p e c i m e n s  f a i l e d  t o  h a v e  any  food 
i t e m s  i n  t h e  s t o m a c h .  D i e t a r y  i t e m s  l i s t e d  h e r e i n  a r e  p r i m a r i l y  from 
t h e  i n t e s t i n e  w h e re  t h e y  w e r e  g e n e r a l l y  i n  bad  s h a p e  t h e r e b y  n o t  
a l l o w i n g  s p e c i f i c  i d e n t i f i c a t i o n .
The d i s t r i b u t i o n  o f  1), i n t r o n i g r a  showed  c o n t a g i o n  i n  t h e  t r a w l  
c o l l e c t i o n s  so  t h e  d a t a  w e r e  a n a l y z e d  a f t e r  a  l o g  (x  + 1)  t r a n s f o r ­
m a t i o n  ( E l l i o t t  1 9 7 1 ) .  E s t i m a t e s  o f  t h e  number a n d  h i o m a s s  p e r  1000 
2
m were  c a l c u l a t e d  f ro m  t h e  d i s t a n c e  t r a w l e d  from L o r a n - C  c o o r d i n a t e s  
and  th e  s w a t h  o f  t h e  t r a w l  { 6 . 7  m, M us ick  p e r s .  com m .) .  The a u t h o r  
f u l l y  r e a l i z e s  t h a t  t h e s e  e s t i m a t e s  a r e  c r u d e  s i n c e  t h e r e  was no r e a l  
way to  o b t a i n  t h e  t r u e  d i s t a n c e  t h e  n e t  t r a v e l l e d  o v e r  t h e  b o t t o m .  
S t a t i s t i c a l  p r o c e d u r e s  w e r e  p e r f o r m e d  on a n  IBM-360 c o m p u t e r  u t i l i z i n g  
p rogram s  f rom  t h e  S t a t i s t i c a l  P a c k a g e  f o r  t h e  S o c i a l  S c i e n c e s  (N le  e t  
a l . 1 9 7 5 ) .
199
R e s u l t s
D i c r o l e n e  i n t r o n i g r a  was  c o l l e c t e d  f ro m  670 t o  17Q0 iti on t h e  
c o n t i n e n t a l  s l o p e  o f f  t h e  K i d d l e  A t l a n t i c  s t a t e s  o f  t h e  IT.S. ( F i g .  85)
In  t e m p e r a t u r e s  from 3 . 7 °  to  5° C (F ie *  86)* A n a l y s i s  o f  v a r i a n c e  
showed s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  t r a n s f o r m e d  number  (F ■ 1 4 . 5 ,  
d f  ■ 5 t 46) and  b io m a s s  (F ■ 1 0 . 9 ,  d f  ■ 5, 46) o f  I), i n t r o n i g r a  
c a u g h t  p e r  0 . 5 - h  tow i n  200  m d e p t h  i n t e r v a l s  from 600 t o  lfiQO m, 
E c h e f f e ’ s l i n e a r  c o n t r a s t  t o  d e t e r m i n e  s i g n i f i c a n t  d i f f e r e n c e s  
b e tw een  t r e a t m e n t  means showed t h a t  t r a w l s  a t  t h e  e x t r e m e s  o f  th e  
b a t h y m e t r i c  d i s t r i b u t i o n a l  r a n g e  g a v e  t h e  l o w e s t  v a l u e s  (T a b l e  26)* 
D i c r o l e n e  i s  o f  m i n o r  i m p o r t a n c e  i n  t h e  f i s h  communi ty  a t  t h e  
e x t r e m e s  o f  I t s  d e p t h  d i s t r i b u t i o n  i n  t h e  N o r f o l k  Canyon a r e a  ( F i g .  8 7 ) .  
However,  i n  d e p t h s  b e t w e e n  1000 and  L6Q0 m i t  was c o l l e c t e d  in e v e r y  
s u c c e s s f u l  b o t t o m  t r a w l  and made up f rom  0 . 9  t o  27.3% and  0 , 1  t o  10.2% 
o f  t h e  t o t a l  number and  t o t a l  w e i g h t  o f  b e n t h i c  f i s h e s  c a u g h t .
2
E s t i m a t e s  o f  t h e  number and w e i g h t  o f  D. i n t r o n i g r a /  1000 ra w e re  
v a r i a b l e  a s  can  be  e x p e c t e d  w i t h  t r a w l  d a t a  { T ab le  27)* These  
e s t i m a t e s  c l o s e l y  f o l l o w e d  t h e  a b u n d a n c e  s t a t i s t i c s  b e i n g  v e r y  low 
a t  t h e  e x t r e m e s  of  t h e  d e p t h  r a n g e  a n d  h i g h e s t  f rom  1000 t o  1600 m.
Lack o f  a d e q u a t e  s a m p l e  s i z e  p r e c l u d e s  any  f u r t h e r  a n a l y s i s  o f  t h e  
d a t a ,
S i z e ,  Depth  R e l a t i o n  and  Food:
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  f o r  a l l  i n d i v i d u a l s  i a  i n  F i g ,  88 .
The s m a l l e s t  i n d i v i d u a l s  a r e  6 cm SL w h e r e a s  t h e  l a r g e s t  i s  30 cm SL. 
S m al l  i n d i v i d u a l s  (<10 cm SL) w ere  c o l l e c t e d  I n  J u n e ,  J u l y  and
F i g u r e  8 5 .  P l o t s  o f  c a t c h e s  (Log {number  + 1} u p p e r ;  Log {b iom ass  + 
l o v e r )  o f  D i c r o l e n e  i n t r o n i g r a  I n  0 . 5 - h  1 3 . 7  m b e n t h i c  
o t t e r  t r a w l s  a g a i n s t  mean d e p t h  o f  t r a w l  i n  t h e  N o r f o l k  
C an y o n  a r e a .  X ' s  "  9 , 1  m o t t e r  t r a w l s ;  d o t s  = 13 .7  m a t  
t r a w l s ,
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F i g u r e  8 6 .  P l o t  o f  c a t c h  r a t e d  { l o g  ( n u m b e r  + 1 }  p e r  Q . 5 - h  to w )
a g a i n s t  b o t t o m  t e m p e r a t u r e s  (°C)  f o r  D i c r o l e n e  I n t r o n i g r a  
f ro m  t h e  N o r f o l k  Canyon  a r e a .
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F i g u r e  8 7 .  P e r c e n t  o f  t h e  t o t a l  c a t c h  { n u m b e r :  u p p e r ;  b i o m a s s :
l o w e r )  o f  9 . 1  m ( x Ts )  a n d  1 3 . 7  m ( d o t s )  b e n t h i c  o t t e r  
t r a w l s  made up  o f  D i c r o l e n e  l n t r o n i f i r a  f rom t h e  N o r f o l k  
C an y o n  a r e a .
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F i g u r e  gg .  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  D i c r o l e n e  I n t r o n i g r a  f r o m  
t h e  N o r f o l k  Canyon a r e a .
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S e p t e m b e r .  When I n d i v i d u a l  l e n g t h s  w ere  p l o t t e d  a g a i n s t  mean d e p t h  o f  
t r a w l ,  a  t r e n d  f o r  an  i n c r e a s e  i n  SL w i t h  i n c r e a s i n g  d e p t h  was a p p a r e n t
{ F i g .  8 9 ) .  The  c o r r e l a t i o n  c o e f f i c i e n t  ( r  ■ 0 .3 6 )  was  s i g n i f i c a n t  a t
2
t h e  99% l e v e l ,  h o w e v e r ,  t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r  x 100)  
showed  t h a t  o n l y  131 o f  t h e  v a r i a t i o n  in  s i z e  can h e  a t t r i b u t e d  t o  
c h a n g e s  i n  d e p t h .
A n a l y s i s  o f  c o v a r i a n c e  showed s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  
s l o p e s  (F = 5 . 4 5 ,  d f  * 1 , 2 0 4 )  and a d j u s t e d  means (F ™ 1 1 . 7 ;  d f  ■ 1 , 2 0 5 )  
f o r  t h e  l e n g t h - w e i g h t  r e l a t i o n s  o f  m a le  a n d  fem a le  I), i n t r o n i g r a  ( F i g .  
90 )  . F e m a l e s  a r e  s i g n i f i c a n t l y  h e a v i e r  a t  a  g i v e n  s i z e .
A n a l y s i s  o f  t h e  d i g e s t i v e  t r a c t  c o n t e n t s  o f  24 D. i n t r o n i g r a  
i n d i c a t e d  t h a t  t h i s  s p e c i e B  f e e d s  p r i m a r i l y  on b e n t h i c  l n f a u n a .  L a r g e  
a m o u n t s  o f  s e d i m e n t  p r o b a b l y  I n g e s t e d  w i t h  b e n t h i c  p r e y  were  fo u n d  i n  
58,3% o f  t h e  i n t e s t i n e s .  P o l y c h a e t e s  a n d  c r u s t a c e a n s  ( t a n a i d s ,  
o s t r a c o d s ,  am ph ipods  and  l s a p o d s )  were  f o u n d  in  6 2 . 5  and 83.3% o f  t h e  
a l i m e n t a r y  t r a c t s  w h e r e a s  b i v a l v e s  were  e n c o u n t e r e d  t w i c e  ( 8 ,3 % ) .
The  e x t r e m e l y  p o o r  c o n d i t i o n  of  t h e  i n t e s t i n a l  c o n t e n t s  d i d  n o t  a l l o w  
e i t h e r  m o re  d e t a i l e d  ta xonom ic  i d e n t i f i c a t i o n s  o r  c o u n t s  and  volume 
d e t e r m i n a t i o n s  o f  i n d i v i d u a l  t a x a .
R e p r o d u c t i o n j
D i c r o l e n e  i n t r o n i g r a  i s  a s e a s o n a l  spaw ner  show ing  maximum g o n a d a l  
a c t i v i t y  f rom  J u n e  t o  S e p te m b e r .  R i p e n i n g  f e m a le s  i n  A p r i l  had 
d e v e l o p i n g  o o c y t e s  from 0 , 2 8  to  0 .3 5  mm i n  d i a m e t e r  w i t h  c y t o p l a s m i c  
y o l k  g r a n u l e s .  In  J u n e ,  t h e y  had 0 . 4  t o  0 , 5  trnn d i a m e t e r  eggs  w h ic h  
w e r e  p a c k e d  w i t h  y o l k .  Some f i s h e s  i n  S ep te m b er  p o s s e s s e d  a t r e t i c  
f o l l i c l e s  w h ic h  i s  I n d i c a t i v e  o f  t h e  p o s t - s p a w n i n g  c o n d i t i o n ,  w h e r e a s  
o t h e r  f e m a l e s  who had  n o t  a s  y e t  spawned had  ova 0 . 4 5  t o  0 . 5 0  ram i n
207
F i g u r e  89- S c a t t e r g r e m  o f  s i z e  (SL mm) a g a i n s t  mean d e p t h  o f  t r a u l  (m) 
f o r  D i c r o l e n e  l n t r o n j p r a  from t h e  N o r f o l k  Canyon  a r e a .  
M u l t i p l e  SLr fi a t  a  a i n g l e  d e p t h  a r e  n o t  shown.
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F i g u r e  90 .  L e n g t h - w e i g h t  r e l a t i o n s  f o r  male  ( u p p e r )  and  f e m a le  ( l o w e r )  
D i c r o l e n e  i n t r o n i g r a  f ro m  t h e  N o r f o l k  Canyon.
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T a b l e  27 .
2
Number a n d  w e i g h t  (g )  o f  D i c r o l e n e  I n t r o n i g r a  p e r  1 0 0 0  m f r o m  1 3 . 7  tn 
o t t e r  t r a w l  s a m p l e s  I n  t h e  N o r f o l k  C a n y o n  a r e a .
D e p th  i n t e r v a l
2
N u m b e r /1 0 0 0  m 
x  ( e x t r e m e s )
W e i g h t / 1000  <n2 
x  ( e x t r e m e s )
Number  o f  
Tows
6 0 0 - 7 9 9 0 , 1 8 ( 0 - 0 . 6 4 ) 6 .  B ( 0 -  2 1 . 1 ) 4
6 0 0 - 9 9 9 0 , 2 4 ( 0 - 0 . 7 3 ) 7 . 0 ( 0 - 2 5 , 4 ) 7
1 0 0 0 - 1 1 9 9 1 . 1 5 ( 0 . 2 6 - 2 . 0 9 ) 4 3 . 2 ( 6 . 4 - B 4 . 6 ) 3
1 2 0 0 - 1 3 9 9 6 . 4 6 3 0 6 .  3 1
1 4 0 0 - 1 5 9 9 1 . 3 3 ( 0 . 0 5 - 4 . 4 8 ) 5 4 . 6 ( 6 . 6 - 1 6 9 . 6 ) 4
1 6 0 0 - 1 7 9 9 0 . 3 2 ( 0 - 1 , 0 7 ) 1 8 .  7 ( 0 - 4 8 . 4 ) 4
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d i a m e t e r .  F e m a l e s  I n  November  a n d  J a n u a r y  showed n o  e v i d e n c e  o f  
g o n a d a l  a c t i v i t y *  M a l e s  s h o w e d  t h e  p r e s e n c e  o f  s p e r m  I n  t e s t i c u l a r  
s e c t i o n s  In  J u n e  t h r o u g h  S e p t e m b e r ,  D u r i n g  o t h e r  m o n th s  s a m p l e d ,  th e  
t e s t e s  c o n t a i n e d  s t a g e s  f r o m  p r i m a r y  s p e r m a t o g o n i a  t h r o u g h  s e c o n d a r y  
s p e r m a t o c y t e s  *
A n a l y s i s  o f  v a r i a n c e  s how e d  t h a t  f e m a l e s  w e r e  s i g n i f i c a n t l y  l a r g e r  
t h a n  m a l e s  a t  s e x u a l  m a t u r i t y  (F  ^ 9 . 0 3 *  d f  w 1,  1 2 5 ) ;
S e x  N x SL (mm) ± t  _ ' a  e x t r e m e s* □ 5 TC
M ale  56 206 ±5 175-250
F e m a le  71 216 ±5 187-305
F e c u n d i t y  - S L  a n d  f e c u n d i t y - w e i g h t  r e l a t i o n s  a r e  i n  F ig .  91 .  
E s t i m a t e d  f e c u n d i t y  v a l u e s  r a n g e d  f ro m  1 2 , 8 0 0  e g g s  i n  a 211 mm SL f i s h  
t o  4 5 , 4 0 0  i n  a 283  mm SL f e m a l e .  The o v a r i e s  c o m p r i s e d  a  mean o f  11.7% 
( e x t r e m e s :  6 . 6 —20 ,0% )  o f  t h e  t o t a l  w e i g h t  o f  t h e s e  f i s h  and t h e i r
mean o v a  d i a m e t e r  w as  0 . 4 9  mra ( e x t r e m e s :  0 . 4 3 - 0 . 5 5  ram). D i c r o l e n e  had  
a n  a v e r a g e  o f  418  e g g s / g  b o d y  w e i g h t  ( e x t r e m e s :  2 5 6 - 6 0 0 ) .
D i s c u s s i o n
Mead e t  a l ,  ( 1 9 6 4 )  d i v i d e d  d e e p - s e a  o p h i d i o l d s  i n t o  v i v i p a r o u s  arid 
o v i p a r o u s  g e n e r a .  They p o i n t e d  o u t  t h a t  a l t h o u g h  t h e r e  a r e  num e rous  
g e n e r a  o f  v i v i p a r o u s  b r o t u l l d s ,  m o s t  o f  t h e s e  l i v e  i n  r e l a t i v e l y  
s h a l l o w  w a t e r .  Deep s l o p e  a n d  a b y s s a l  f o r m s  a r e  l a r g e l y  o v i p a r o u s .  
D u r i n g  t h e  c o u r s e  o f  t h e  N o r f o l k  Canyon  i n v e s t i g a t i o n ,  B y t h i t e s  g e r d a e , 
D i p l a c a n t h a p o m a  b r a c h y s o m a  a n d  t h e  b a t h y p e l a g l c  s p e c i e s ,  Aphyonus 
Be l a t  i n o s a , w e r e  t h e  o n l y  v i v i p a r o u s  s p e c i e s  t a k e n .  O v i p a r o u s  o p h i d i o l d s  
p r e d o m i n a t e d  i n  b e n t h i c  t r a w l  c o l l e c t i o n s  i n  number  o f  s p e c i e s ,  number 
o f  I n d i v i d u a l s  and b i o m a s s .  G e n e r a  r e p r e s e n t e d  i n  t r a w l s  w e r e
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F i g u r e .  91 .  F e c u n d i t y - s t a n d a r d  l e n g t h  ( u p p e r )  a n d  f e c u n d i t y - t o t a l
w e i g h t ( l o w e r )  r e l a t i o n s h i p s  f o r  18 D i c r o l e n e  l n t r o n i g r a  
c o l l e c t e d  i n  J u l y  1975 f ro m  t h e  N o r f o l k  Canyon a r e a .
NU
M
BE
R 
OF 
EG
GS
4 0
3 0 -
l < ^ 0 f " u n * t V = 2  8 7 3  ( l og  S L } -  2 . 3 6 7
*o
M
i f  r i r 1 f 1----- r — i  r i
160 190 2 0 0  210 2 2 0  230 2 4 0  2 3 0  2 6 0  2 7 0  2 BO 2 9 0
9 0
4 0 -
30-
og(fl fecu n d ity  1 0 9 5 9 (  lagw  w eight 1 4  2 - 6 6 0
30 40 BO 60 70 60 90 100 IIO 120
T O T A L  W E I G H T  ( g  )
212
P o r o g a d u s  {P.  m i l e s ) ,  Fertopus (j^. m a c d o n a l d l ) , B asspg igaH  (B. g t l l i ) .
MonomltopuB (M, a g a s a i a i ) , X y e la c y b a  (X. m e y e r s l ) , F a r a b a e s o g l g a s  ( P .
c r a s s u s ) , B e n t h o c o m e t e s  (B , r o b u s t  u s ) and B a r a t h r l t e s  (B^ . p a r r i ) .
G r s a s l e  e t  a l ,  (1975 )  p r e s e n t e d  d a t a  on  t h e  number o f  m e g a f a u n a l  
2
a n i m a l s  p e r  1000 m on t h e  c o n t i n e n t a l  s l o p e  s o u t h  o f  New E n g lan d  
( ' 3 9 - 4 0 ° N ,  ’j7 0 ° 3 0 , W) b a s e d  on p h o t o g r a p h s  t a k e n  f ro m  D .S .R .V ,  A l v i n .
T r a n s e c t s  a t  9 9 2 -1 0 0 0  m and  1 4 6 5 -1 5 5 0  m g a v e  e s t i m a t e s  o f  0 . 7 8  and  1 .1 4
I
b r o t u l i d s / 1 0 0 0  in .
The d o m in a n t  b r o t u l i d  on th e  M id d le  A t l a n t i c  c o n t i n e n t a l  s l o p e  and 
t h e  a r e a  s o u t h  o f  New Eng land  i s  D i c r o l e n e  i n t r o n i g r a . The h i s t o r i c a l  
r e c o r d s  p r o v i d e  e v i d e n c e  t h a t  B r o t u l i d  s p ,  o f  G r a s s l e  e t  a l . ( 1975 )  i s  
a c t u a l l y  D. i n t r o n i g r a . M a rk le  and Mustek  (1974 )  r e p o r t  t h i s  s p e c i e s  
i n  2 o u t  o f  3 b e n t h i c  t r a w l s  n e a r  G r a s s l e  e t  a l . ' f i  ( 1 9 7 5 )  s t u d y  a r e a  i n  
a p p r o x i m a t e l y  t h e  same d e p t h s  ( " 8 2 3 - 9 5 1  m ) . S c h r o e d e r  (1955 )  l i s t s  
J3, i n t r o n i g r a  a s  a commonly e n c o u n t e r e d  b e n t h i c  f i s h  i n  h i s  a r e a s  B, C, 
and  D ( s e e  h i s  F i g ,  1) from a b o u t  41°N t o  38 N i n  d e p t h s  f rom  823 to  
1335 m. He I n c l u d e s  no o t h e r  b r o t u l i d a  i n  h i s  l i s t .  I n  t h i s  geo­
g r a p h i c  a r e a  t h e  o n l y  o t h e r  b r o t u l i d  t h a t  c o - o c c u r s  w i t h  D. i n t r o n i g r a  
t h a t  c o u l d  c a u s e  p r o b le m s  i n  t h e  v i s u a l  i d e n t i f i c a t i o n  o f  l a r g e r  f i s h  
i s  Monomitopus  a g a s s i z i i  w h ic h  i s  r e l a t i v e l y  r a r e ,
G r a s s l e  e t  a l  . ’a ( 1 9 7 5 )  r e s u l t s  o f  0 , 7 8  and 1 .1 4  i n d i v i d u a l s  p e r
2
1000 in a t  9 9 2 -1000  m and  1465-1550  m a r e  r e a s o n a b l e  c l o s e  t o  t h e  
p r e s e n t  e s t i m a t e s  ( s e e  T a b l e  2 7 ) .  I n  t h e  d i s c u s s i o n  o f  t h e i r  t r a n s e c t  
a t  1300 id , t h e y  s t a t e  " D e m e r s a l  fo rm s  n o t  s e e n  b e f o r e  i n c l u d e d  a 
l a r g e r  s k a t e ,  t h e  b r o t u l i d  D i c r o l e n e  I n t r o n i g r a  and t h e  r o t t i d  
C o t t u n c u l u s  j j i o m p s o n i ■11 However i n  t h e  t a b u l a t e d  r e s u l t s  ( s e e  t h e i r  
T a b l e  2) ]}. i n t r o n i g r a  i s  n o t  l i s t e d  a s  o c c u r r i n g  a t  t h a t  d e p t h .  The
2 1 3
s i t u a t i o n  l a  c o n f u s i n g  and p e r h a p s  t h e i r  t a x o n o m i c  i d e n t i f i c a t i o n s  o f  
t h e  f i s h e s  n eed  r e - e v a l u a t i o n .
H a e d r i c h  e t  a l .  (1975)  f a i l e d  t o  c o l l e c t  a n y  D> i n t r o n i g r a  o r  any 
o t h e r  b r o t u l i d a  w i t h  a  4 . 9  in o t t e r  t r a w l  in  s p i t e  o f  a r e a s o n a b l e  
number o f  t r a w l s  a t  d e p t h s  i n h a b i t e d  by  t h i s  s p e c i e s .  We have  
s u c c e s s f u l l y  c o l l e c t e d  J3. i n t r o n i g r a  w i t h  b o th  t h e  13,7 m and t h e  9 .1  
m t r a w l s  w h ic h  c o u l d  p o s s i b l y  show a v o i d a n c e  o f  t h e  4 .9  m t r a w l  by  
t h i s  s p e c i e s .
In summary,  P i c r o l e n e  i n t r o n i g r a  i s  t h e  d o m i n a n t  b r o t u l i d  on  t h e  
c o n t i n e n t a l  s l o p e  o f f  t h e  M id d le  A t l a n t i c  s t a t e s .  I t  I s  f o u n d  i n  
d e p t h s  from 670 t o  1700 m w i t h  maxi mum abundance  from 1000  t o  1600 i d .
The s p e c i e s  i s  a s e a s o n a l  spaw ner  w i t h  g r e a t e s t  g o n a d a l  a c t i v i t y  from 
J u n e  to  S e p t e m b e r ,  Females  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  m a le s  a t  
s e x u a l  m a t u r i t y  a n d  p r o d u c e  f rom 1 2 ,8 0 0  t o  4 5 , 4 0 0  e g g s .  D l c r o l e r e  
f e e d s  p r i m a r i l y  on b e n t h i c  I n f a u n a  and  e p i f a u n a  w i t h  c o n s i d e r a b l e  
q u a n t i t i e s  o f  mud b e i n g  i n g e s t e d  w i t h  p re y  i t e m s .
Part VIII.
The C o m p a r a t i v e  B i o l o g y  o f  
The E e l p o u t s  f Z o a r c i d a e )  
o f  N o r f o l k  Canyon
214
215
Introduction
The f a m i l y  Z o a r c i d a e  l a  an  a s s e m b l a g e  o f  b o r e a l  f i s h e s  w h ich  
have  a b e n t h o n i c  h a b i t ,  a l t h o u g h  some s p e c i e s  h a v e  e n t e r e d  t h e  p e l a g i c  
r e a l m  (H e l a n o a t l g m a (McAl1 i s  t e r  a n d  Rees  19641 ,  b y c o d a p u s  {Anderson  1 9 7 7 } ,  
F a t a b r o t u l a  and L e u c o b r o t u l a  [ N i e l s e n  1 9 6 8 1 ) ,  Many o f  t h e s e  f i s h e s  h a v e  
e n t e r e d  t h e  t e m p e r a t e  a n d  t r o p i c a l  g e o g r a p h i c  r e g i o n s  o f  t h e  w o r l d ’ s 
o c e a n s  by l i v i n g  i n  t h e  c o o l e r ,  d e e p e r  w a t e r s .  I n  w a t e r s  o f f  t h e  M id d le  
A t l a n t i c  c o a s t  f rom Cape Cod t o  Cape H a t t e r a s  t h e  f o l l o w i n g  s p e c i e s  
h a v e  been  c o l l e c t e d :  Mac r o z o a r c e s  a m e r i c anus  { B ige low  and  E c h r o e d e r
19 5 3 ) ,  L y c e n c h e l y s  p a x i l l u s , L. v e r r i l l i , L y co d e s  a t l a n t i c u s ,
M e lan o a t lg m a  a t l a n t i c u m , I .ycodonus  m i r a b l l l a  ( H a r k l e  and Mustek  1 9 7 4 ) ,  
Lycodes  e s m a r k l , P a c h y c a r a  o b e s a  (M ark le  and S e d b e r r y  ms) and Lycodes  
v a h l i ? ( H a e d r i c h  and Horn  1 9 7 0 ) ,  With t h e  e x c e p t i o n  o f  t h e  d e t a i l e d  
s t u d i e s  o f  t h e  l i f e  h i s t o r y  o f  K a c r o z o a r c e s  a m e r i c a n u s  (S h e e h y  e t  a l .  
1 9 7 7 ) ;  O l s e n  and  M er r im an  1946) a n d  food h a b i t s  o f  1j , a t l a n t i c u s  
( S e d b e r r y  and Mu&ick 1978)  most  a c c o u n t s  of  t h e  z o a r c i d s  o f f  t h e  
e a s t e r n  U n i t e d  S t a t e s  a r e  a n e c d o t a l  i n  n a t u r e  o r  a r e  m e r e l y  p a r t s  o f  
f a u n a l  l i s t s .
The p u r p o s e  o f  t h i s  r e p o r t  i s  t o  p r e s e n t  t h e  d i s t r i b u t i o n a l  and 
l i f e  h i s t o r y  i n f o r m a t i o n  o f  t h e  d o m in a n t  z o a r c i d s  c o l l e c t e d  o f f  th e  
K id d le  A t l a n t i c  s t a t e s .
M a t e r i a l s  and Methods
S p e c im e n s  (M e la n o s t ig m a  a t l a n t i c u m : n = 104 ;  L y c e n c h e l y s
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v e r r i l l i i n ■ 2216 ;  L_. p a x l l l u a  z n  -  2 0 2 ;  Lycodont iB m i r a b i l i s :  n w
37; L y c o d e s  a t l a n t i c u s : rt -  129)  w e r e  o b t a i n e d  f ro m  30 min ( I n  d e p t h s
l e s s  t h a n  2000 m) o r  60  min ( In d e p t h s  g r e a t e r  t h a n  2000 m) n o n ­
c l o s i n g  9 , 1  m and 1 3 , 7  m b o t t o m  t r a w l s  o f f  t h e  e a s t e r n  U n i t e d  S t a t e s  
b e t w e e n  3 4 ° 2 4 . 5 ' N  and  3 9 ° 5 0 TN f r o m  A u g u s t  1969  t o  J a n u a r y  1976 ,  D a ta  
f o r  c a t c h  a n a l y s i s  f o r  a l l  s p e c i e s  e x c e p t  M, a t l a n t i c u m  was r e s t r i c t e d  
t o  1 3 , 7  m o t t e r  t r a w l s  w h e r e a s  a l l  c o l l e c t i o n s  w e r e  u t i l i z e d  i n  l i f e  
h i s t o r y  s t u d i e s .  Area  s a m p l e d  was  c a l c u l a t e d  f ro m  t h e  p r o d u c t  o f  t h e  
d i s t a n c e  t r a w l e d  o b t a i n e d  f r o m  L o ra n -C  p o s i t i o n s  a t  n e t  s e t  ( -  end  o f  
w i r e  p a y - o u t )  and  n e t  h a u l  ( “  s t a r t  o f  w i r e  r e t r i e v a l )  and  6 , 7  in, t h e  
sw eep  o f  t h e  1 3 . 7  m o t t e r  t r a w l  ( M u s i c k ,  p e r s ,  c o m m .) .
F o r  M. a t l a n t i c u m  c a t c h  p e r  u n i t  e f f o r t  was o b t a i n e d  by summing 
t h e  num b e r  o f  I n d i v i d u a l s  a n d  d i v i d i n g  by t h e  n u m b e r  o f  s u c c e s s f u l  
t r a w l s  f rom 400 t o  1000 m f o r  e a c h  c r u i s e  w h i c h  was t h e  d e p t h  r a n g e  f o r  
a l l  b u t  2 s p e c im e n s  ( 2 9 3 - 1 0 7 0  m ) , O b s e r v a t i o n s  o f  a d u l t  m i d w a te r  
s p e c i m e n s  w e re  made on  3 J u n e  1975 a t  3 7 ° 0 3 . 3 t N, 7 4 ° 3 R , 4 fW i n  656 m 
o f  w a t e r .
F o u r  j u v e n i l e s  ( 2 1 , 6 - 5 2 . 7  mm TL) and  f o u r  a d u l t s  ( 9 4 , 5 - 1 3 2  nnn TL) 
w e r e  o b t a i n e d  f rom t h e  G u l f  o f  S t .  L a w re n c e  i n  t h e  v i c i n i t y  o f  4 8 ° 4 0 TN, 
6 f l ° 3 0 ’ W. T h ree  o f  t h e  J u v e n i l e s  and  one  a d u l t  w e re  c a u g h t  i n  an 
o p e n i n g - c l o s i n g  b o t t o m  p l a n k t o n  n e t  ( H a c e r  1967) a b o u t  1 m a b o v e  t h e  
b o t t o m .  The r e m a i n i n g  s p e c i m e n s  w e re  c a u g h t  i n  a  m i d w a t e r ,  0 , 5  m 
b o n g o  n e t .  A l l  e i g h t  s p e c i m e n s  w e re  c a u g h t  b e t w e e n  1 June  a n d  1 
A u g u s t ,  1 9 7 0 -1 9 7 4 .  Food a n d  p a r a s i t e s  f r o m  t h e  s t o m a c h s  and I n t e s t i n e s  
o f  M. a t l a n t i c u m  w e re  e n u m e r a t e d  u n d e r  a d i s s e c t i n g  s t e r e o m i c r o s c o p e . 
L a r g e  r e p r e s e n t a t i v e  s a m p l e s  o f  d i g e n e t i c  t r e m a t o d e s  w e re  s t a i n e d  i n  
R e y n o l d s '  d o u b l e  s t a i n  o r  Van C l e a v e ' s  h e m a t o x y l i n ,  c l e a r e d  i n  c l o v e
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o i l ,  H a u n te d  i n  P r e s e r v a - s l i d e , I d e n t i f i e d  a n d  m e a s u r e d .
T o t a l  l e n g t h  was m e a s u re d  t o  t h e  n e a r e s t  mm and s e x  a n d  r e l a t i v e  
gonad  c o n d i t i o n  n o t e d .  T o t a l  f e c u n d i t i e s  w e r e  o b t a i n e d  by  c o u n t i n g  
a l l  t h e  l a r g e ,  m a t u r e  e g g s  i n  an I n d i v i d u a l .  The l o n g e s t  h o r i z o n t a l  
d i a m e t e r  o f  t h e  o o c y t e s  was m e a su re d  w i t h  a c a l i b r a t e d  o c u l a r  m i c r o ­
m e t e r .  S to m a c h s  f ro m  L_, v e r r i l I t , L^ . p a x i l l u s  and I.. m i T a b i l i s  w ere  
r e m o v e d ,  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  a  f o o d  i t e m  In  a l l  s t o m a c h s ,  
t h e  t o t a l  number  o f  e a c h  t y p e  o f  food i t e m  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  
d i e t  and  t h e  v o l u m e ,  e s t i m a t e d  from a m e a s u r e d  g r i d ,  o f  e a c h  fo o d  i t e m  
a s  a p e r c e n t a g e  o f  t h e  t o t a l  d i e t  w e re  c a l c u l a t e d .  The i n d e x  o f  
r e l a t i v e  i m p o r t a n c e  was c a l c u l a t e d  f rom  t h e s e  v a l u e s :  (N + V) F = I R I ,
w h e r e  N *= n u m e r i c a l  p e r c e n t a g e ,  V ■ v o l u m e t r i c  p e r c e n t a g e ,  7  ™ f r e q u e n c y  
o f  o c c u r r e n c e  p e r c e n t a g e  and IR I  ■ i n d e x  o f  r e l a t i v e  i m p o r t a n c e .  For 
a  more  d e t a i l e d  d i s c u s s i o n  a e e  S e d b e r r y  and  Musick  ( 1 9 7 B ) .
B o t tom  t e m p e r a t u r e s  were  o b t a i n e d  f rom e x p e n d i b l e  b a t h y t h e r m o g r a p h  
o r  c o n d u c t i v i t y - t e r a p e r a t u r e - d e p t h  t r a c e s  o r  f r o m  N i s k i n  b o t t l e s  w i t h  
r e v e r s i n g  t h e r m o m e t e r s , A l l  s t a t i s t i c a l  a n a l y s e s  w e re  c a r r i e d  o u t  
on  an  IBM-360 c o m p u t e r  u t i l i z i n g  t h e  S t a t i s t i c a l  P a r k a g e  f o r  t h e  
S o c i a l  S c i e n c e  ( N i e  e t  a l . ,  1 9 7 5 ) .
R e s u l t s
L y c e n c h e l y s  v e r r i l l i  was c o l l e c t e d  f rom  244 to  1190 m d u r i n g  
b e n t h i c  o t t e r  t r a w l i n g  i n  t h e  N o r f o l k  Canyon a r e a  ( F i g .  9 2 ) ,  C a t c h e s  
p e r  0 . 5 - h  tow w e r e  e x t r e m e l y  v a r i a b l e  and  a n a l y s i s  o f  v a r i a n c e  showed 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  c a t c h  r a t e s  (F  “ 4 , 8 3 ,  d f  -  7 ,  67 )  i n  
100  di d e p t h  o f  c a p t u r e  i n t e r v a l s  from 200  t o  999  tn , S c h e f f e f s  l i n e a r  
c o n t r a s t  t o  i s o l a t e  s i g n i f i c a n t  d i f f e r e n c e s  In  t r e a t m e n t  means  showed
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F i g u r e  9 2 .  C a t c h e s  o f  L y c e n c h e l y s  v e r r i l l i  p e r  D .5 - h  tow ( u p p e r :  
num ber ;  l o w e r :  b ln 'masa)  p l o t t e d  a g a i n a t  mean d e p t h  o f
t r a w l  f o r  13 ,7  m o t t e r  t r a w l  c o l l e c t i o n s  i n  t h e  N o r f o l k  
Canyon a r e a .
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t h a t  c a t c h e s  I n  t h e  2 0 0 -2 9 9  m d e p t h  I n t e r v a l  t o  be  s m a l l e r  t h a n  t h e
r e m a i n d e r .  B io m a s s  p e r  0 . 5 - h  tow showed t h e  same p a t t e r n  w i t h  d e p t h
( F i g .  92 )  and  a n a l y s i s  o f  v a r i a n c e  g ave  t h e  aarae r e s u l t  w i t h  t h e  
2 0 0 -2 9 9  d e p t h  i n t e r v a l  b e i n g  s i g n i f i c a n t l y  s m a l l e r  t h a n  t h e  r e m a i n d e r .  
A d d i t i o n a l  t r a w l s  a r e  n e e d e d  i n  o r d e r  t o  r e d u c e  th e  v a r i a n c e  s o  t h a t  
d e p t h s  o f  maximum a b u n d a n c e  can  be d e l i n e a t e d .  L y c e n c h e l y s  v e r r i l l i  
was  c o l l e c t e d  f r o m  4*0 t o  9 , 3 ° L  ( F i g .  9 3 ) .
T h i s  s p e c i e s  was  an  i m p o r t a n t  n u m e r i c a l  c o n s t i t u e n t  o f  t h e  b e n t h i c
f i s h  com munity  m a k in g  up 0— 543£ o f  t h e  f i s h e s  c a u g h t .  I t s  s m a l l  s i z e  i s
a p p a r e n t  i n  t h e  l e s s e n i n g  o f  i t s  i m p o r t a n c e  i n  t h e  c o n t r i b u t i o n  o f  t h i s
s p e c i e s  t o  t h e  b i o m a s s  o f  b e n t h i c  f i s h e s  ( F i g .  9 4 ) .  I t  c o m p r i s e d  f r o m
0 t o  8,4K! o f  t h e  f i s h e s  c a u g h t  by w e i g h t .  The d e n s i t y  o f  T.. v e r r i l l i
2
e x p r e s s e d  a s  number  and w e i g h t  ( g ) / l 0 0 0  m was l a r g e s t  from 699 t o  799 m 
a n d  l o w e s t  a t  t h e  e x t r e m e s  o f  i t s  b a t h y m e t r i c  d i s t r i b u t i o n  ( T a b l e  2 8 ) .
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  f a r  a l l  1 3 . 7  m t r a w l  c a u g h t  s p e c i ­
mens I s  i n  F i g .  9 5 .  The s m a l l e s t  L. v e r r 1 111 c o l l e c t e d  was  41 mm TL 
w h e r e a s  t h e  l a r g e s t  w as  177 mm TL. Very  few s m a l l  i n d i v i d u a l s  (*= 75 turn 
TL) w e r e  r e p r e s e n t e d  i n  t h e  t r a w l  c a t c h e s  w h ich  c o u l d  be  e i t h e r  a  c a s e  
o f  g e a r  s e l e c t i v i t y  i n  t h a t  t h e  s m a l l  t h i n  b o d i e d  j u v e n i l e s  p a s s  
t h r o u g h  t h e  m e s h e s  o f  t h e  n e t  and l i n e r  o r  t h a t  J u v e n i l e s  l i v e  i n  
h a b i t a t s  w h ic h  a r e  i n a c c e s s i b l e  to  b e n t h i c  o t t e r  t r a w l s  ( s u c h  a s  
b u r r o w e d  i n t o  s e d i m e n t ) .  A n a l y s i s  o f  v a r i a n c e  showed s i g n i f i c a n t  
d i f f e r e n c e s  i n  mean s i z e  o f  L ,  v e r r i l l i  in  100 m d e p t h  i n t e r v a l s  (F ■
2 9 , 6 *  d f  ■ 7,  2115)  f ro m  200  t o  999 m. S m a l l e r  f i s h e s  w ere  fo u n d  a t  
t h e  s h a l l o w e r  e n d  o f  t h e  b a t h y m e t r i c  d i s t r i b u t i o n  ( 2 0 0 -3 9 9  m) and  
a v e r a g e d  f ro m  1 t o  2 cm s m a l l e r  in  l e n g t h  t h a n  t h o s e  from g r e a t e r  d e p t h s  
( F i g ,  9 6 ) .
2 2 0
F i g u r e  9 3 ,  C a t c h e s  p e r  0 . 5 - h  1 3 . 7  m o t t e r  t r a w l  a s  a f u n c t i o n  o f  
t e m p e r a t u r e  f o r  L y c e n c h e l y s  v e r r i l l i  f rom t h e  N o r f o l k  
Canyon a r e a .
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F i g u r e  94* P l o t s  o f  p e r c e n t  o f  t o t a l  c a t c h  ( u p p e r :  n u m b e re :  l o w e r :
b i o m a s s )  o f  b e n t h i c  f i s h e s  c a u g h t  w i t h  t h e  13 .7  m t r a w l  
In  t h e  N o r f o l k  Canyon a r e a  a g a i n s t  mean d e p t h  o f  t r a w l  f o r  
L y c e n c h e l y s  v e r r i l l i „
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D e n s i t y  I n  n u m b e r s  a n d  b i o m a s s / 1000  ts o f  L_. v e r r l l l i  f rom 1 3 . 7  m 
o t t e r  t r a w l  c a t c h e s  In  t h e  N o r f o l k  Canyon a r e a .  V a l u e s  w i t h  p a r e n t h e s i s  
a r e  e x t r e m e s ;  o t h e r s  a r e  m e a n s .
D e p th  (m) N u m h e r / 1 0 0 0  tn^ B io m a s s  ( g ) / l 0 0 0 N
2 0 0 - 3 9 9 0 . 1 9 ( 0 - 0 , 8 9 ) 0 . 9 ( 0 - 4 , 4 6 ) 15
4 0 0 - 5 9 9 1 .41 ( 0 , 0 7 - 2 . 9 2 ) 6 . 5 2 ( 0 . 7 & - 1 5 .5 7 ) 3
6 0 0 - 7 9 9 5 . 7 3 ( 1 . 2 8 - 1 6 , 9 ) 1 7 . 1 5 ( 6 , 0 4 - 3 5 , 1 ) 7
8 0 0 - 9 9 9 0 , 6 1 ( 0 - 1 , 2 1 ) 3 - 5 8 ( 0 - 6 . 6 9 ) 7
1 0 0 0 - 1 1 9 9 0 . 1 0 ( 0 - 0 . 3 ) 0 , 2 ( 0 - 0 . 6 } 3
F i g u r e  95 .  Length f r e q u e n c y  d i s t r i b u t i o n  o f  L y c e n c h e l y s  v e r r i l l i  
from 1 3 ,7  m o t t e r  t r a w l  c o l l e c t i o n s  i n  N o r f o l k  Canyon 
5 ram i n t e r v a l s .
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F i g u r e  9 6 .  S l z e - d e p t h  r e l a t i o n  f o r  L y c e n c h e l y s  v e r t 1111 f r o m  1 3 . 7  m 
o t t e r  t r a w l  c o l  l e e t I o n s  n e a r  N o r f o l k  C a n y o n ,  Number a t  
r i g h t  In  p a r e n t h e s i s  i n d i c a t e s  s a m p l e  s i z e  a t  t h a t  d e p t h .
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L y c e n c h e l y s  v e r r i l l i  i s  a  s e a s o n a l  e p a v n e r  s h o v i n g  maximum 
g o n a d a l  a c t i v i t y ,  a s  j u d g e d  by o v a r i a n  a n d  t e s t i c u l a r  s i z e s *  f rom  J u n e  
t h r o u g h  Sep tetris e r  ( T a b l e  2 9 ) .  At s e x u a l  m a t u r i t y  m a l e s  a r e  s i g n i f i c a n t l y  
l a r g e r  t h a n  f e m a l e s  ( t  ■ 3 0 , 1 ,  d f  = 3 1 7 ) :
Sex
Male
Female
N
105
214
x ± ( t
0 - 0 5
1 54± 2 
1 26± 1
e ) e x t r e m e s
113-1 77 
107 -167
The f e c u n d i t y - t o t a l  l e n g t h  r e l a t i o n s h i p  f o r  103 g r a v i d  v e r r i l l i
(x  TL ■ 127 mm* e x t r e m e s :  1 1 4 -1 4 0 )  w as  n o t  s i g n i f i c a n t  w i t h  t h e
2
e q u a t i o n  o n l y  a c c o u n t i n g  f o r  5£ o f  t h e  v a r i a t i o n  ( r  x 1 0 0 ) ,  The 
l o w e s t  o b s e r v e d  f e c u n d i t y  was  15 i n  a 122 mm TL f i s h  and  t h e  h i g h e s t  was  
50 i n  a 133 mm TL f e m a l e  w i t h  t h e  mean f e c u n d i t y  b e i n g  2 9 . 3± 1.1
(± t
0 . 0 5
•s  ) .  The f r e q u e n c y  d i s t r i b u t i o n  f o r  f e c u n d i t y  i s  i n  F i g ,  9 7 .
The most  s e x u a l l y  m a t u r e  s p e c i m e n s  h a d  ova  r a n g i n g  In  s i x e  f rom  3 , 0  t o
4 . 2  mm i n  d i a m e t e r  ( x  = 3 , 3  ram).
T h i r t e e n  d i g e s t i v e  t r a c t s  o f  v e r r i l l J  a v e r a g i n g  143 mm TL
( e x t r e m e s :  128 -1 7 7  mm) w e r e  e x a m i n e d .  A l l  c o n t a i n e d  food  i t e m s  w i t h  
t h e  b u lk  o f  t h e  d i e t  made up  o f  b i v a l v e s  ( m a i n l y  f a m i l y  N u c u l a n i d a e )  and  
g a s t r o p o d s  ( m a i n l y  f a m i l i e s  S c a p h a n d r i d a e  and  R e t u s i d a e ) .  A summary o f  
t h e  d i e t  i s :
Taxon
B l v a l v i a
G a s t r o p o d a
Scaphopoda
Amphlpoda
X F r e q u e n r y  
100
6 4 , 6
3 0 , 5
5 3 . 8
1 Number
6 6 . 7
1 9 . 0
5 . 3
5 . 9
X Volume
6 7 . 9
1 9 .1
3 , 5
5 . 9
I R I
13460
3223
339
635
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F i g u r e  9 7 .  F r e q u e n c y  d i s t r i b u t i o n  o f  f e c u n d i t y  v a l u e B  f o r  L y c e n c h e l y s  
v e r r i l l i  f rom t h e  N o r f o l k  C a n y o n  a r e a .
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Taxon K F r e q u e n c y  % Number % Volume IR I
Cumacea 4 6 , 1  2 , 5  2 . 7  240
P o l y c h a e t a  1 5 ,4  0 - 6  0 , 9  23
A l l  d i g e s t i v e  t r a c t s  c o n t a i n e d  m o d e ra t e  am o u n ta  o f  s e d i m e n t ,
L y c e n c h e l y s  p a x i l l u s  was c o l l e c t e d  f rom  610  t o  1525 m ( b o t t o m  
t e m p e r a t u r e s :  3 . 8 - 5 , 3°C) i n  t h e  N o r f o l k  Canyon a r e a .  Maximum c a t c h e s
w ere  made from a b o u t  650 t o  1300 m ( F i g .  9 8 ) .  T h i s  s p e c i e s  made up 
from 0 t o  8.43! b y  numbers and 0 t o  6,7% b y  v e l g b t  o f  t h e  b e n t h i c  f i s h e s  
c a u g h t  w i t h  t h e  1 3 .7  m o t t e r  t r a u l .  L y c e n c h e l y s  p a x i l l u s  was c a u g h t  
most  c o n s i s t e n t l y  w l t l i  t h e  1 3 .7  m t r a w l  f rom  600 t o  1000 m w h ere  i t  
was r e p r e s e n t e d  i n  71% (n  ■ 35) o f  t h e  t r a w l s .  I n  g r e a t e r  d e p t h s  t o  
1600 is i t  was found  In  o n l y  26% (n  ■ 19) o f  t h e  1 3 ,7  m t r a w l s .
P l o t s  o f  t h e  t o t a l  l e n g t h s  a g a i n s t  mean d e p t h s  o f  c a p t u r e  showed
2
s l i g h t  c o r r e l a t i o n ;  how eve r ,  t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r  x 100)  
d e m o n s t r a t e d  t h a t  o n l y  7% o f  t h e  v a r i a t i o n  I n  t o t a l  l e n g t h  i s  a s s o c i a t e d  
w i t h  c h a n g e s  i n  d e p t h .  A l th o u g h  l a r g e  I n d i v i d u a l s  ( g r e a t e r  t h a n  200 mm 
TL) w e r e  c o l l e c t e d  t h r o u g h o u t  t h e  d e p t h  r a n g e ,  f i s h e s  l e s s  t h a n  100 mm 
TL w e r e  found  o n l y  I n  d e p t h s  l e s s  t h a n  1000 m ( F i g ,  9 9 A ) . L eng th  
f r e q u e n c y  d i s t r i b u t i o n  i s  in  F i g .  99B, A m a t u r e  f e m a l e  (229  mm TL) 
was t a k e n  i n  A p r i l  19 74 and c o n t a i n e d  55 e g g s  a v e r a g i n g  3 .7  mm i n  
d i a m e t e r  ( e x t r e m e s :  3 , 3 - 4 . 1  m n ) , T h ree  m a t u r i n g  s p e c i m e n s  (TL -  203 ,  
221* 192 mm) w e re  c o l l e c t e d  i n  S ep te m b er  1975 ,  These  c o n t a i n e d  40 
(x  o v a  d i a m e t e r  2 , 2 ,  e x t r e m e s :  i , B - 2 , 6  mm), 44 (x  ova d i a m e t e r  1 . 5 ,  
e x t r e m e s :  1 . 3 - 1 . 8  mm) and 31 ( x  ova d i a m e t e r  2 , 7 ,  e x t r e m e s  2 . 4 - 3 . 0  mm)
d e v e l o p i n g  e g g s  r e s p e c t i v e l y .  Males w i t h  l a r g e  t e s t i s  o c c u r r e d  i n  
J a n u a r y ,  A p r i l  and November,  T h i s  s p e c i e s  may h a v e  an  e x t e n d e d
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F i g u r e  9B, P l o t s  o f  c a t c h e s ,  number ( u p p e r ) ,  h iom ass  ( l o w e r )  a g a i n s t  
m a n  d e p t h  o f  t r a w l  fo r  L y c e n c h e ly s  p a x i l l u s  from t h e  
N o r f o l k  Canyon a r e a .  To te  « 13 .7  m t r a w l s ;  J t ' s  *= 9 . 1  m 
t r a w l s ,
p i  . 4
— ,--- ¥i---1---1--- 1-- Ht— rII--,*
e r 0 9  io ii ia is 14 ij le
MEAN DEPTH op TRAWL {ml
*oI-
Iin
* 1.0-
cnW
3  0,5
Q
3oo
.........................    i ■ 'I------ 1 *■ r-W'-iV " t
6 r e  9 io ir 12 i3 >4 is is
mean depth of TRAWL fm>
230
F i g u r e  99* CA) S l z e - d e p t h  r e l a t i o n  f o r  L y e e n c h e ly s  p a x i l l u s  f rom t h e  
N o r f o lk  Canyon a r e a .  H o r i z o n t a l  l i n e  ■ r a n g e ;  shaded  
b l o c k  -  95% c o n f i d e n c e  i n t e r v a l ;  v e r t i c a l  l i n e  -  mean.  
(B) L en g th  f r e q u e n c y  d i s t r i b u t i o n  o f  L y c e n c h e l y s  p a x i 11us  
f rom t h e  N o r f o l k  Canyon a r e a .
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s p a w n in g  s e a s o n ,  f ro m  S e p t e m b e r  t h r o u g h  A p r i l ,  h u t  t h e  p a u c i t y  o f  m a t u r e  
f e m a l e s  I n  t h e  c o l l e c t i o n s  d o e s  n o t  a l l o w  f o r  d e l i n e a t i o n  o f  t h e  s e a s o n .  
S tom achs  f rom 10 L.  p a x i l l u s  r a n g i n g  f ro m  169 t o  230  min TL (x  “
202 mm) a l l  c o n t a i n e d  f o o d  i t e m s .  By f a r  t h e  m o s t  I m p o r t a n t  food were 
m o l l u s c s  w h ic h  w ere  found  I n  a l l  s t o m a c h s .  B i v a l v e s ,  m a i n l y  o f  th e  
f a m i l y  N u c u l a n l d a e ,  g a s t r o p o d s  ( f a m i l i e s  S c a p h a n d r l d a e ,  R e t u s i d a e ,  
B u c c i n i d a e )  and s c a p h o p o d a  w e re  a l l  f o u n d .  The ouraacean ,  P l a s t y  1 i s  
s p ,  , a l t h o u g h  found  i n  o n l y  2031 o f  t h e  s t o m a c h s ,  was  t h e  most  
i m p o r t a n t  c r u s t a c e a n ,  A summary o f  t h e  d i e t  o f  p a x i l l u s  i s :
Taxon % F r e q u e n c y 31 Numher X Volume IRI
Scaphopoda 20 0 . 5 1 , 0 30
G a s t r o p o d a 70 8 . 5 1 0 , 1 1302
B i v a l v i a 100 5 8 . 0 7 0 . B 12880
Curaacea 20 32 . 5 1 7 , 7 1004
Amphipoda 20 0 . 5 0 , 4 18
A l l  s t o m a c h s  c o n t a i n e d  a  g r e a t  d e a l  o f  s e d i m e n t .
L y co d e s  a t l a n t i c u s  w as  c o l l e c t e d  f ro m  638 t o  2064 m ( b o t t o m  
t e m p e r a t u r e s :  3 . 5 - 5 . 3 ° C )  i n  t h e  N o r f o l k  Canyon a r e a .  F o u r  f e m a l e s  
(4 0 1 ,  4 4 7 ,  430 and  455 mm TL) w e r e  c o l l e c t e d  on November 2 4 ,  1974 i n  a 
s i n g l e  t r a w l  i n  280 -360  m ( 8 . 3 ° C )  a t  3 7 ^ 0 5 , 1 ^ ,  7 4 ° 3 7 .7 'W ,  These  
r e p r e s e n t  t h e  s h o a l e s t  r e c o r d s  f o r  t h i s  s p e c i e s  i n  o u r  a r e a .  They 
h ave  b e e n  e x c l u d e d  f rom t h e  a n a l y s i s .  A n a l y s i s  o f  v a r i a n c e  showed 
s i g n i f i c a n t  d i f f e r e n c e s  i n  l o g  (num ber  + 1)  p e r  0 , 5 - h  tow ( F  =* 1 0 , 3 ,  
d f  ■ 2 ,  67 )  and  l o g  ( b i o m a s s  + 1)  p e r  0 , 5 - h  tow <F =» 1 5 . 3 ,  d f  -  2,  67) 
when c a t c h e s  w e re  g r o u p e d  i n t o  500 m d e p t h  i n t e r v a l s  f r o m  500 t o  
2000 to. C a t c h  s u m m a r ie s  a r e  I n  T a b l e  30.  T h i s  s p e c i e s  was a minor
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Table  30*
Summary o f  0 . 5 - h  13 ,7  m o t t e r  t r a w l  c a t c h e s  o f  Lycodes  a t l a n t l c u s  f rom 
t h e  N o r f o l k  Canyon a r e a .  CM ”  g e o m e t r i c  mean;  LCL and  UCL = low er  and  
u p p e r  93S c o n f i d e n c e  l i m i t s .  Number o f  t o w s :  to  t h e  l e f t  o f  t h e
s l a s h  ■ number o f  t r a w l s used  f o r  number a n d  b iom ass / lO D O 2m ; to  t h e
r i g h t  ,number f o r  o t h e r  ca l c u l a t i o n s ,
D ep th  I n t e r v a l  (m) 30 0-999 1000-1 4 9 9 1500-1999
Number : GM, LCL, UCL 0 . 4 ; 0 , 0 1 ; 0 . 7 2 , 6 ;  1. 3 ; 4 . fi 1 . 0  ; 0 .4 ;  1 . 8
e x t r e m e s 0*5 0 -12 0-4
Biom ass"  GM, LCL, UCL 2 . 2 ; 0 . 6 ; 5 , 1 1 3 0 ; 3 6 . 3 ; 4 5 6 2 0 . 2 ; 4 . 6 ; 8 0 . 2
e x t r e m e s 0 - 5 1 ) 0 - 1 2 3 8 0 -8 1 8
X % o f  c a t c h  Number 0 . 2 1 , 9 1 , 7
e x t r e m e s 0 - 1 , 7 0 - 1 0 . a 0 - 8 . 5
X % o f  c a t c h  Biomass 0 . 1 2 .1 1 . 0
e x t r e m e s 0 - 1 . 2 0 - 9 . 7 0 - 7 . 4
x N u m b e r /1000 0 . 0 1 0 . 1 3 0 . 0 4
e x t r e m e s 0 - 0 , 0 7 0 . 0 1 - 0 . 2 8 0 - 0 . 0 8
x B io m a s s / 1 0 0 0 1 . 8 7 9 .09 4 . 0 0
e x t r e m e s 0 - 1 8 . 6 0 . 8 - 2 2 . 4 0 - 1 1 . 1
Number o f  Tows 1 6 /1 5 1 5 /5 19/9
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c o n s t i t u e n t  o f  t h e  b e n t h i c  f l a h  com m uni ty  m a k in g  up f r o m  0 t o  18% by 
n u m b e r  a n d  0 t o  9 .7% o f  t h e  b i o m a s s  o f  b e n t h i c  f i s h e s  c a u g h t  f rom  
500 t o  1999 m. L y e o d e a  a t l a n t i c u s  was moa t  c o n s i s t e n t l y  c a u g h t  i n  
t r a w l a  made f r o m  1 0 0 0 - 1 4 9 9  m (76%) w h e r e a s  i t  was c o l l e c t e d  i n  29% a n d  
58% o f  t h e  t r a w l s  made f r o m  5 0 0 - 9 9 9  a n d  1 5 0 0 - 1 9 9 9  tn r e s p e c t i v e l y .
P l o t s  o f  t h e  t o t a l  l e n g t h  a g l a n s t  mean d e p t h  o f  c a p t u r e  showed a 
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i t h  l a r g e r  f i s h  f o u n d  i n  t h e  d e e p e r  
t r a w l s  ( F i g .  1 0 0 A ) . The  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( r ^  k 100)  showed 
t h a t  22% o f  t h e  v a r i a t i o n  i n  t o t a l  l e n g t h  i s  a s s o c i a t e d  w i t h  c h a n g e s  
i n  d e p t h  o f  c a p t u r e .  The mean s i z e  o f  a l l  s p e c i m e n s  ( n  ■ 125} was 
247 mm TL ( e x t r e m e s ;  5 8 - 4  30 mm T L ) . L en g th  f r e q u e n c y  i s  i n  F i g ,  100B.
D u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y  o n l y  o n e  g r a v i d  f e m a l e  1,. n t l a n t i c u s  
was o b s e r v e d ,  A 322 mm TL I n d i v i d u a l  was c o l l e c t e d  i n  J a n u a r y  1976 ,  The 
o v a r y  w e i g h e d  21 g a n d  made up 12 ,7% o f  t h e  f r e s h  w e t  w e i g h t .  I t  
c o n t a i n e d  89 e g g s  a v e r a g i n g  5 . 9  mm i n  d i a m e t e r  ( e x t r e m e s :  5 . 7 - 6 . 2  mm).
The r e l a t i v e  f e c u n d i t y  w as  0 , 5 3  e g g s  p e r  g o f  body  w e i g h t ,  M a le s  w i t h  
e n l a r g e d  t e s t i s  w e r e  e n c o u n t e r e d  i n  S e p t e m b e r ,  November  and  J a n u a r y .
I t  a p p e a r s  t h a t  L_. a t  l a n t  i c u s  may b e  a  w i n t e r  s p a w n e r ,  h o w e v e r ,  u n t i l  
more s e x u a l l y  m a t u r e  f e m a l e s  a r e  t a k e n ,  t h i s  i n t e r p r e t a t i o n  s h o u l d  
b e  t e n t a t i v e ,
o d o m i s  m i r a b i l i s  was  c o l l e c t e d  f ro m  818  t o  2105 m ( b o t t o m  
t e m p e r a t u r e s :  3 . 6 - 4 . 5 ° C )  and  was a m in o r  c o n s t i t u e n t  o f  t h e  b e n t h i c
f i s h  c o m m u n i ty  m a k in g  up f ro m  0 t o  5.4% o f  t h e  number  a n d  0 t o  1,1% o f  
t h e  w e i g h t  o f  b e n t h i c  f i s h e s  c a u g h t  i n  1 3 ,7  m o t t e r  t r a w l  c a t c h e s .
The m o s t  c o n s i s t e n t  a n d  l a r g e s t  c a t c h e s  came f ro m  1500  t o  20(10 m w h e re  
L_. m i r a b i l i s  was  f o u n d  i n  39% (n * 23) o f  t h e  1 3 . 7  m a n d  9 . 1  m o t t e r  
t r a w l s .  Of t h e  18 t r a w l s  w h ic h  c o l l e c t e d  t h i s  s p e c i e s ,  9 r e s u l t e d  i n
234
F i g u r e  100 .  (A) S l z e - d e p t h  s c a t t e r g r a m  f o r  Lycodefl a t l a n t i c u s  from
t h e  N o r f o l k  Canyon a r e a .
(B) L en g th  f r e q u e n c y  d i a t r l b t i t i o n  o f  Lyco_d_es^ a t l a n t i c u s  
from t h e  N o r f o l k  Canyon a r e a  I n  3 cm i n t e r v a l s .
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1 s p e c im e n *  3 c o l l e c t e d  2 I n d i v i d u a l s ,  3 h a d  3 a n d  1 e a c h  had  4 o r  5.
From t h e  l i m i t e d  number o f  s p e c i m e n s  (n * 3 7 ) ,  no r e l a t i o n s h i p  
b e tw e e n  s i z e  and d e p t h  was  a p p a r e n t .  The a v e r a g e  s i z e  was 247 mm TL 
( e x t r e m e s :  122 -297  mm). Two s e x u a l l y  m a t u r e  f e m a l e s  w e re  c o l l e c t e d  
In  J u l y  1975 a t  1643  m. One s p e c im e n  (TL: 251 mm) had  a t o t a l  o f  51 
eg g s  a v e r a g i n g  3 .4  turn In  d i a m e t e r  ( e x t r e m e s :  3 . 0 - 3 . 7  mm) w h e re a s  t h e  
o t h e r  h a d  37 eggs  a v e r a g i n g  4 , 2  mm In  d i a m e t e r  ( e x t r e m e s ;  3 . 8 - 4 . 6  mm). 
Males w i t h  r e l a t i v e l y  l a r g e  t e s t i s  w e re  c o l l e c t e d  I n  J a n u a r y ,  J u n e  and 
J u l y .  On t h e  b a s i s  o f  t h i s  e x t r e m e l y  l i m i t e d  d a t a ,  i t  a p p e a r s  t h a t  
t h i s  s p e c i e s  may be  a s p r i n g - s u m m e r  s p a w n e r ,
S tom a chs  from 5 i n d i v i d u a l s  f rom  165 t o  283 mm TL (x  1 248 mm) had 
food I t e m s .  The c o n t e n t s  o f  t h e s e  5 s to m a c h s  w e re  d o m in a te d  by 
b i v a l v e s  ( l a r g e l y  f a m i l y  N u c u l a n i d a e ) . A summary o f  t h e  d i e t  i s :
Taxon % F r e q u e n c y X Number % Volume IRI
B i v a l v i a 60 97 87 11040
Cumaeea 20 1 1 40
P p l y c h a e t a 40 2 12 560
The e n t i r e  d i g e s t i v e  t r a c t  o f  t h e s e  s p e c i m e n s  had  s e d i m e n t .
Most  a u t h o r s  ( M c A l l i s t e r  and  R ees  1964;  A n d i a s h e v  1973; Mcflnaker 
and A n d e r s o n  1976)  h a v e  i n d i c a t e d  t h a t  members o f  t h e  genua  
M e l a n o a t i g m a  a r e  m e s o p e l a g i c  and  a r e  a s s o c i a t e d  w i t h  w a t e r s  o v e r l y i n g  
c o n t i n e n t a l  s l o p e s .  O t h e r s ,  s u c h  a s  M a rk le  and M usick  (1 9 7 4 ) ,
H a e d r i c h  and  P o l l o n i  (1974 )  , h a v e  i n c l u d e d  t h e  w e s t e r n  North A t l a n t i c  
s p e c i e s ,  tl. a t l a n t i c u m , w i t h  d e m e r s a l  s l o p e  f i s h e s .  Daytime ob­
s e r v a t i o n s  from D . S . R . V ,  A l v i n  c o n f i r m  t h a t  a d u l t s  a r e  m e s o p e l a g i c  
in  e a r l y  J u n e  o f f  V i r g i n i a .  Many i n d i v i d u a l s  w e re  s e e n  be tw een
236
200  a n d  590 m ( t e m p e r a t u r e s  f rom 12  t o  4 °C )  d r  . ' - l u g  p a s s i v e l y  i n  
t h e  w a t e r  c o lu m n .  Some w e r e  h e a d  down; o t h e r s  w e r e  h o r i z o n t a l  o r  
h e a d  u p ;  and many w e r e  f l e x e d  In  J  and S s h a p e s -  Most  w e r e  a t  l e a s t  
70 m f rom t h e  b o t t o m ,  a l t h o u g h  J .  A, M us tek  s i g h t e d  s e v e r a l  n e a r  t h e  
b o t t o m .
S e a s o n a l  c a t c h  p e r  e f f o r t  d a t a  ( F i g -  101A) f ro m  b o t t o m  t r a w l s  
on  t h e  s l o p e  o f f  V i r g i n i a  i n d i c a t e  t h a t  M, a t l a n t l c u m  i s  much m ore  
a v a i l a b l e  t o  b o t t o m  t r a w l s  d u r i n g  J u l y ,  A u g u s t  a n d  S e p t e m b e r  t h a n  
d u r i n g  t h e  o t h e r  m o n th s  s a m p l e d .  S i n c e  s p e c i m e n s  a r e  known t o  b e  
p r e s e n t  i n  m l d w a t e r  i n  J u n e  i n  t h i s  a r e a ,  t h e  I n c r e a s e d  a b u n d a n c e  
m i g h t  b e  d u e  t o  d e m e r s a l  a g g r e g a t i o n s  i n c r e a s i n g  l o c a l  d e n s i t i e s  and  
t h e i r  s u s c e p t i b i l i t y  t o  b o t t o m  t r a w l s *  Two J u v e n i l e s  ( 2 1 - 0  and 2 3 - 6  ram 
TL) a n d  two m a t u r i n g  f e m a l e s  (94 a n d  97 mm TL) c a u g h t  i n  J u n e  1971 a n d  
1972 a l s o  i n d i c a t e  t h a t  some s p e c i m e n s  a r e  d e m e r s a l .  T h e s e  w e re  
c a u g h t  i n  an o p e n i n g - c l o s i n g  n e t  o n l y  1 ra a b o v e  t h e  b o t t o m  i n  t h e  
G u l f  o f  S t .  L a w r e n c e .
The s to m a ch  c o n t e n t s  o f  100 b o t t o m - t r a w l e d  s p e c i m e n s  f rom t h e  
c o n t i n e n t a l  s l o p e  o f f  t h e  e a s t e r n  U n i t e d  S t a t e s  w e r e  m e a g r e .  F i f t y -  
e i g h t  w e re  em p ty ;  13 had  u n i d e n t i f i a b l e  w h i t e  mush a n d  29 had  
c r u s t a c e a n  r e m a i n s  i n c l u d i n g  5 w i t h  o s t r a c o d s ,  4 w i t h  c o p e p o d s  a n d  2 
w i t h  e u p h a u s i i d s .  T h e s e  s to m a c h  c o n t e n t s  i n d i c a t e  t h a t  i f  s p e c i m e n s  
w e r e  n e a r  t h e  b o t t o m ,  t h e y  w e r e  f e e d i n g  i n  t h e  w a t e r  a b o v e  t h e  
b o t t o m .  They a l s o  show t h a t  t h e  m a j o r i t y  w e re  n o t  f e e d i n g .
F i f t y - e i g h t  o f  t h e  100 M, a t l a n t l c u m  c o n t a i n e d  d i g e n e t i c  
t r e m a t o d e s .  One s p e c i m e n  i n  S e p t e m b e r  c o n t a i n e d  a n  i m m a t u r e  h e m i u r i d  
(7 )  i n  i t s  s t o m a c h .  A l l  o f  t h e  o t h e r  d i g e n e a  w e r e  r e m o v e d  front  t h e  
i n t e s t i n e s .  A a e r i e s  ( 2 9 )  o f  t h e s e  w e re  m oun ted  f o r  i d e n t i f i c a t i o n
2 3 7
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and m e asu re m en t .  A l l  were  I d e n t i f i e d  a s  F e l l o d l s t o m u m  s p .  w i t h  a mean 
l e n g t h  o f  2 , 8  rm ( r a n g e  1 , 7 - 5 , 1  mm). A l l  o f  t h e  m oun ted  worms and 
most  o f  t h e  r e m a in d e r  w e re  m a t u r e .
C h i - s q u a r e  a n a l y s t s  showed t h a t  t h e r e  w ere  s i g n i f i c a n t  t e m p o r a l
2
d i f f e r e n c e s  In  i n f e c t i o n  r a t e s  a t  t h e  9 5 % l e v e l  (X -  1 2 .3 9 ,  d f  = 4} 
( T a b l e  3 1 ) .  The h i g h e s t  p e r c e n t a g e  o f  h o s t  I n f e c t i o n s  and th e  h i g h e s t  
a v e r a g e  number of  i n f e c t i o n s  p e r  h o s t  was i n  A u g u s t .  T h i s  c o r r e s p o n d s  
c l o s e l y  w i t h  th e  c a t c h  p e r  e f f o r t  d a t a  o f  F i g u r e  101A and  I n d i c a t e s  
t h a t  i n f e c t i o n s  a r e  d i r e c t l y  p r o p o r t i o n a l  to  t h e  p resum ed  d e n s i t y  
and  t im e  s p e n t  near  t h e  b o t t o m .  A known F e l l e d  i s  tomum l i f e  h i s t o r y  
I n c l u d e s  a cl am and an  o p h l u r o i d  as f i r s t  and  s econd  i n t e r m e d i a t e  
h o s t s  r e s p e c t i v e l y  (N ob le  and  O r t a s  1 9 7 5 ) ,  I f  t h e  b o t t o m  i s  
n e e d e d  a s  a  spawning s u b s t r a t e ,  the p e a k  s p a w n in g  t i m e  s h o u ld  f i n d  t h e  
g r e a t e s t  number of i n d i v i d u a l s  n ea r  t h e  b o t t o m .  C o n s e q u e n t l y ,  t h i s  
s h o u l d  be  r e f l e c t e d  i n  a h i g h  i n f e c t i o n  r a t e  o f  p a r a s i t e s  d e r i v e d  
f rom  t h e  I n t e r m e d i a t e  h o s t s  o f  th e  h e n t h o a  a s  was  f o u n d  (T a b le  31 ) .
From t h e  Limited  d a t a ,  t h e  spaw n ing  r e a s o n ,  a s  J u d g e d  by ova 
d i a m e t e r s ,  e x t e n d s  from J u n e  th rough  a t  l e a s t  S e p te m b e r  w i t h  fem a les  
In  J u n e  show ing  the  i n i t i a t i o n  o f  egg  m a t u r a t i o n  ( F i g ,  101B), O th e r  
p e r i o d s  sam p led  showed a l l  f e m a le s  p o s s e s s i n g  s m a l l  ( * 1 . 0  mm) e g g s ,
A 98 mm spe c im e n  from o f f  Quehec c o n t a i n e d  30 e g g s  up t o  2 , 8  imra In 
d i a m e t e r  i n  J u l y  ( M c A l l i s t e r  and Rees 1964) and ot ir  s p e c im e n s  from 
t h e  G u l f  o f  S t ,  Lawrence had  eggs  up t o  2,  7 mm In d i a m e t e r  In June .  
T hese  egg  s i z e s  a r e  r e l a t i v e l y  l a r g e r  t h a n  t h o s e  c o l l e c t e d  d u r i n g  t h e  
3ame months  from o f f  t h e  V i r g i n i a  c o a s t  ( F i g .  101B) and may i n d i c a t e  
t h a t  s p a w n in g  t ime i n  t h e  G u l f  o f  S t .  Law rence  p r e c e d e s  t h a t  nf  
V i r g i n i a  p o p u l a t i o n s .
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T em pora l  i 
In  b o t t o m  
number o f
T a b l e  31.
changes  i n  r e l a t i v e  i n f e c t i o n  r a t e s  
t r a w l e d  M, a t l a n t l c u m -  H u n t e r  i n  
s p e c i m e n s ,
o f  F e l l o d l s t o m u m  s p .  
p a r e n t h e s i s  i n d i c a t e s  t o t a l
Month P e r c e n t  o f  h o s t Mean number  o f
w i t h  t r e m a t o d e a t r e m a t o d e s  p e r  hoe
J u n e 30(10) 0 . 3 0
J u l y 6 4 (3 1 ) 1 . 1 6
A ugus t 8 4 ( 2 5 ) 2 .  76
S e p t e m b e r 54(26) 0 . 9 2
November 25(  4) 0 . 7 5
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The s u B p e c t e d  t im e  c f  spaw n ing  c o i n c i d e s  w i t h  t h e  p e r i o d  o f
I n c r e a s e d  c a t c h  p e r  e f f o r t  by b o t t o m  t r a w l s  a s  w e l l  a s  t h e  p e r i o d  o f
h i g h e s t  d i g e n e  I n f e c t i o n ,  The c a t c h / e f f o r t  was  p o s i t i v e l y  c o r r e l a t e d
w i t h  mean o v a  d i a m e t e r  w i t h  913! o f  t h e  v a r i a t i o n  i n  o a t c h / e f f o r t
a s s o c i a t e d  w i t h  c h a n g e s  In  mean ova d i a m e t e r  ( F i g ,  1 0 1 C ) ,  The
f e c u n d i t y - t o t a l  l e n g t h  r e l a t i o n s h i p  I s  I n  F i g u r e  102* The h i g h e s t
f e c u n d i t y  was  106 i n  a 132 mm f i s h  w h i l e  t h e  l o w e s t  was 26 i n  a 117 nrn
TL f i s h .  Tem pora l  v a r i a t i o n  i n  i n f e c t i o n  r a t e s  and c a t c h e s  p l u s  t h e
low f e c u n d i t y  and  l a r g e  egga s u g g e s t  d e m e r s a l  s p a w n in g .  Most o t h e r
z o a r c i d s  a r e  d e m e r s a l  f i s h e s  w hich  p ro d u c e  s m a l l  numbers  o f  r e l a t i v e l y
l a r g e  e g g s  (B ig e lo w  and S c h r n e d e r  1953; J e n s e n  1 9 0 4 ) .  In  a d d i t i o n  to
s e x u a l l y  d i m o r p h i c  f a n g - l i k e  t e e t h  on b o t h  Jaw s  and vomer  ( M c A l l i s t e r
and Rees  1 9 6 4 ) ,  male M. a t l a n t l c u m  a r e  s i g n i f i c a n t l y  l a r g e r  ( t  * 5*16 ,
d f  -  69) a t  s e x u a l  m a t u r i t y  t h a n  f e m a l e s  (x+ t  & , e x t r e m e s  i n  mm):
0 -05 ^
m a l e ,  137 + 3 , 4 ,  1 2 1 -1 5 5 ;  female  1 2 6 t  3 , 0 ,  104—155.  T h i s  s e x u a l  s i z e  
d i f f e r e n c e  may I n d i c a t e  p a r e n t a l  p r o t e c t i o n  o f  t h e  e g g s  by m a le s  o r  
p o s s i b l y  c o m p e t i t i o n  f o r  m a t e s ,  b o t h  o f  w h ich  a r e  f e a t u r e s  n o r m a l l y  
a s s o c i a t e d  w i t h  s u b s t r a t e  s p a w n e r s .  However,  i t  i s  d i f f i c u l t  t o  
Im a g in e  a 140 mm TL m a le  M. a t l a n t i c u m  w i t h  i t s  f r a g i l e  body  a c t i v e l y  
s c a t t e r i n g  I n t r u d e r s  f rom  i t s  n e s t i n g  a r e a .
D i s c u s s i o n
The b e n t h i c  z o a r c i d s  on th e  c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a  show 
o v e r l a p  i n  t h e i r  d e p t h  d i s t r i b u t i o n s  w i t h  t h e  f o l l o w i n g  p a t t e r n :
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F i g u r e  1D2* T o t a l  l e n g t h - f e c u n d i  ty  r e l a t i o n s h i p  f o r  41 M elanoa  t igm a  
a t l a n t l c u m  i r o U e c t e d  o f f  t h e  e a s t e r n  U n i t e d  S t a t e s .
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S p e c i e s D ep th  Range
D ep th s  o f  
Maximum Abundance
L y c e n c h e l y s  v e r r l l l l 2 4 4 -1 1 9 0 300-999
L y c e n c h e l y s  p a x i l l u s 6 1 0 -1 5 2 5 6 5 0 -1 3 0 0
t y c o d e s  a t l a n t i c u s 3 1 5 -2 0 6 5 1000-1999
L ycodonus  m i r a b i l i s 8 1 8 - 2 1 0 5 1 5 - 0 - 2 0 0 0
H a e d r i c h  e t  a l *  (1975)  found  L. v e r r l l l l  t o  make up 11*92 o f  t h e  b e n t h i c
f i s h e s  t a k e n  In  t h e i r  m i d d l e  z o n e  (393 to  1095 ra) o f f  s o u t h e r n  New
E n g l a n d .  D u r in g  t r a n s e c t s  In  t h e  d e e p  b a s i n s  o f  t h e  G u l f  o f  Maine I n
D.S,R*V. A lv in*  Rowe e t  a l .  ( 1 9 7 5 )  f o u n d  L, v e r r l l l l  t o  make up 3 6 .7 2
o f  t h e  b e n t h i c  f i s h e s  o b s e r v e d  a t  2 BO m. They e s t i m a t e d  i t s  d e n s i t y
2t o  be 7*34 I n d i v i d u a l s  p e r  1000  m , V a l u e s  a t  c o m p a ra b le  d e p t h s
2
f rom  t h e  p r e s e n t  s t u d y  r a n g e d  f rom  0 t o  0 . 8 9  i n d l v i d u a l s / 1 0 0 0  m 
(x  = 0*19)  ( s e e  T a b l e  2 8 ) .  However ,  i t  s h o u l d  be n o t e d  t h a t  t h e  
l o c a l e s  o f  t h e  2 s t u d i e s  a r e  w i d e l y  s e p a r a t e d  and d e p t h  r e l a t e d  
c h a n g e s  w i t h  l a t i t u d e  ( p o l a r  e m e r g e n c e )  may o c c u r  i n  t h i s  s p e c i e s  
so  t h a t  c o m p a r i s o n s  a r e  t e n t a t i v e .
H a e d r i c h  e t  a l ,  ( 1 9 7 5 )  found  L, p a x i l l u s  t o  make up 1.2% and 
1.5% o f  t h e  b e n t h i c  f i s h e s  c a u g h t  In t h e i r  m i d d le  and deep  z o n e s  
r e s p e c t i v e l y .  They d i s c u s s e d  t h e  d e p t h  s e g r e g a t i o n  o f  L.  v e r r l l l l  a n d  
L.  p a x i l l u s  a n d  p o i n t e d  o u t  t h a t  L_. v e r r i l 11 i s  found  from a b o u t  400 t o  
700 m w h e r e a s  L. p a x i l l u s  was e n c o u n t e r e d  from a b o u t  600 t o  1300 m, 
H a e d r i c h  and  P o l l o n i  ( 1 9 7 4 )  r e p o r t e d  on t h e  c o l l e c t i o n  o f  2 i n d i v i d u a l s  
f rom  Hudson Canyon t r a w l e d  i n  1 5 0 0 -1 9 6 0  m w h ich  made up 0*7% o f  t h e  
number o f  b e n t h i c  f i s h e s  t a k e n .  M a r k l e  and  M usick  (1974)  found  t h i s  
s p e c i e s  to  make up 0 t o  2.4% o f  t h e  b e n t h i c  f i s h  community I n  a 900 m 
t r a n s e c t  from 3 6 ° 5 4 'N  t o  39°50*N.
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Cohen  a n d  Pawson ( 1 9 7 7 )  f o u n d  L .  a t l a n t i c u s  t o  be  wore  a b u n d a n t  
i n  v i s u a l  c o u n t s  f ro m  D . S . R . V .  A l v i n  t h a n  i n  p h o t o g r a p h s  t a k e n  from 
t h e  s u b m e r s i b l e .  T h e i r  r e s u l t s  a r e  p l o t t e d  In  F i g .  103 a l o n g  w i t h  
G r a s s l e  e t  a l . ' s  ( 1 9 7 5 )  e s t i m a t e s  f ro m  p h o t o g r a p h i c  t r a n s e c t s  from 
A l v i n  a n d  v a l u e s  f ro m  1 3 . 7  m o t t e r  t r a w l s  from t h e  p r e s e n t  s t u d y .
I t  I s  r e a d i l y  a p p a r e n t  t h a t  d e n s i t y  e s t i m a t e s  a r e  h i g h e s t  In v i s u a l  
c o u n t s  f ro m  A l v i n  and  lo w e B t  In  o t t e r  t r a w l s .  I t  s h o u l d  be  n o t e d ,  
h o w e v e r ,  t h a t  d e p t h s  o f  maximum a b u n d a n c e  a r e  a b o u t  t h e  same.
T he  d i e t s  o f  t h e  t h r e e  b e n t h i c  s p e c i e s  exam ined  i n  t h i s  s t u d y  
w e r e  v e r y  s i m i l a r  on a  h i g h e r  t a x o n o m i c  l e v e l .  The  most  im p o r t a n t  
I t e m s  I n  t h e  d i e t  o f  L.  v e r r l l l l  w e r e  b i v a l v e s  (1RI ■ 13460)  and 
g a s t r o p o d s  ( I R I  -  3 2 2 3 ) .  The  d i e t  o f  L. p a x i l l u s  was dom ina ted  
by  b i v a l v e s  ( IR1  ™ 12 f lB 0) , g a s t r o p o d s  ( I R I  * 1302) and cumaceana 
( I R I  -  1004)  w h e r e a s  L,  m i r a b i l i s  l a r g e l y  a t e  b i v a l v e a  ( I R I  = 11040) 
a n d  p o l y c h a e t e s  ( I R I  = 5 6 0 ) .  S e d b e r r y  a n d  M us tek  (1978) found 34 
stomachs o f  L. a t l a n t i c u s  t o  be  d o m i n a t e d  b y  o p h l u r o i d s  ( I R I  = 3 2 5 0 ) ,  
b i v a l v e s  ( I R I  = 1 7 5 2 ) ,  a m p h i p o d s  ( I R I  -  4 2 4 )  and  g a s t r o p o d s  ( IRI =
4 2 1 ) .  L y c o d e s  f e d  e x c l u s i v e l y  on  b e n t h i c  l n f a u n a  and  e p l f a u n a .  I t  
I s  d i f f i c u l t  t o  a s s e s s  t h e  d e g r e e  o f  o v e r l a p  I n  t h e  d i e t s  a s  I l a c k  t h e  
e x p e r t i s e  t o  a s s i g n  g e n e r i c  a n d  s p e c i f i c  names t o  t h e  f o o d  I tem s .  
H o w e v e r ,  t h e s e  f i s h e s  a r e  v e r y  s i m i l a r  i n  t h e  m orpho logy  o f  th e  
f e e d i n g  a p p a r a t u s  a n d ,  l a c k i n g  a s w l t n b l a d d e r  o r  some o t h e r  t y p e  o f  
b u o y a n c y  m e c h a n i s m ,  a r e  d e m e r s a l  In  t h e i r  h a b i t s .  O b s e r v a t i o n s  from 
s u b m e r s i b l e s  h a v e  shown t h a t  t h e  s p e c i e s  f o r  w h ich  d a t a  a r e  a v a i l a b l e  
a r e  b e n t h i c  a n d  r e s t  d i r e c t l y  on  t h e  s e d i m e n t  (L.  v e r r l l l l : Rowe e t
a l .  1 9 7 5 ,  Wenner  u n p u b l i s h e d  o b s e r v a t i o n s ;  L .  p a x i l l u s i Wenner un ­
p u b l i s h e d  o b s e r v a t i o n s ;  L .  a t l a n t i c u s : G r a s s l e  e t  a l .  1975;  Cohen and
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F i g u r e  103.  P l o t s  o f  d e n s i t y  ( n u m b e r / 1 0 0 0  m ) f o r  L y c o d e s  a t ! a n t i r u s  
o f f  t h e  e a s t  c o a s t  o f  t h e  U n i t e d  S t a t e s  f r o m  p h o t o g r a p h s *  
v i s u a l  c o u n t s  a n d  1 3 . 7  hi o t t e r  t r a w l s .
*  •
o o
* WQOGI/ tnSftvPfi y  tWfiSsTf aaBMON
245
P a v s o n  1 9 7 7 ) *  B e c a u s e  o f  t h e i r  d i s t r i b u t i o n  p a t t e r n s ,  m o r p h o l o g i c a l  
s i m i l a r i t y  a n d  t h e  p r e s e n c e  o f  s p e c i e s  w i t h  w i d e  b a t h y m e t r i c  
d i s t r i b u t i o n s  In  t h e i r  d i e t s ,  t h e r e  i s  p r o b a b l y  a  f a i r  am oun t  o f  d i e t  
o v e r l a p .
A l t h o u g h  some z o a r c i d s  a r e  v i v i p a r o u s  (F a r a b r o t u l a  a n d  L e u c o b r o t u l a , 
N i e l s e n  1 9 6 8 ;  Z o a r c e s ,  S c h m i d t  1 9 1 7 )  t h e  b e n t h i c  s p e c i e s  ex a m in e d  
I n  t h i s  s t u d y  h a v e  t h e  m o re  t y p i c a l  z o a r c i d  p a t t e r n  w i t h  t h e  m a le s  
l a c k i n g  a  c o p u l a t o r y  a p p a r a t u s  a n d  f e m a l e s  h a v i n g  a s i n g l e  o v a r y  w h ic h  
c o n t a i n s  s m a l l  n u m b e rs  o f  r e l a t i v e l y  l a r g e  e g g s *  R e l a t i v e  f e c u n d i t i e s  
( e g g s / g  t o t a l  w e i g h t )  a r e  l i s t e d  b e l o w  a l o n g  w i t h  d a t a  f r o m  
M a c r o a o a r c e s  a m e r l c a n u s * a  s h e l f  d w e l l i n g  z o a r c i d ,  f o u n d  f ro m  t h e  G u l f  
o f  S t .  L a w r e n c e  t o  D e l a w a r e  ( O l s o n  a n d  M e r r im a n  1 9 4 6 ) .
S p e c i e s R e l a t  i v e  
F e c u n d i t y
Maximum 
D i a m e t e r  a t
M a c r o z o a r c e s  a m e r l c a n u s 1 . 2 5 , 9
L y c e n c h e l y s  v e r r l l l l 5 . 9 3 . 3
L y c e n c h e l y s  p a x i l l u s 2 . 6 3 .  7
L y c o d o n u s  m i r a b i l i s 1 , 2 4*2
L y c o d e s  a t l a n t i c u s 0 . 5 5 . 9
The  s e x u a l  d i m o r p h i s m  d e s c r i b e d  by  Goode a n d  Bean ( 1 8 9 6 )  f o r  
m a l e s  o f  v e r r l l l l  a n d  L, p a x i l l u s  was  c o n f i r m e d  I n  t h i s  s t u d y .  They 
d e s c r i b e d  L, v e r r l l l l  a s  a  pygmy u p e c l e s  w h i c h  m a t u r e s  a t  a s m a l l  s i z e .  
M a t u r e  m a l e s  h a v e  a f l a t t e n e d  s h o v e l  s h a p e d  s n o u t  a n d  m a r k e d l y  e n ­
l a r g e d  c h e e k  m u s c l e s .  M a t u r e  m a l e  L.  p a x i l l u s  a l s o  h a v e  v e r y  e n l a r g e d  
c h e e k  m u s c l e s  b u t  l a c k  a  s h o v e l - a l i a p e d  s n o u t .
Fart IX,
N o te s  on S e a  S n a i l s  
( C y c l o p t e r i d a e )  o f  N o r f o l k  Canyon
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O t t e r  t r a w l  I n v e s t i g a t i o n s  on  t h e  c o n t i n e n t a l  s l o p e  a n d  d e e p - s e a  
a r e a  o f f  t h e  e a s t  c o a s t  o f  t h e  U n i t e d  S t a t e s  r e s u l t e d  In  t h e  c o l l e c t i o n  
o f  t h r e e  s p e c i e s  o f  t h e  c y c l o p t e r i d  g e n u s  P a r a l i p a r l s  (t^. B a r m a n 1 , 
c o p e i  a n d  J^. c a l l d u f l ) . The 25 t o  30 members  o f  t h i s  g e n u s  (C o h e n  I 9 6 0 )  
a r e  i n h a b i t a n t s  o f  t h e  c o n t i n e n t a l  s l o p e  a n d  d e e p - s e a  a r e a s  o f  t h e  
N o r t h  A t l a n t i c  and  N o r t h  P a c i f i c  i n  d e p t h s  f rom 55 t o  3279 m { B u rk e  1 9 3 0 ) .  
The p u r p o s e  o f  t h i s  r e p o r t  I s  t o  p r o v i d e  l i f e  h i s t o r y  and  d i s t r i b u t i o n a l  
i n f o r m a t i o n  f o r  t h e s e  s p e c i e s .
M a t e r i a l s  a n d  M ethods
S p e c i m e n s  w ere  c o l l e c t e d  d u r i n g  9 o t t e r  t r a w l  s u r v e y s  o f f  t h e  e a s t  
c o a s t  o f  t h e  U .S .  f r o m  34°  t o  39°  w i t h  e i t h e r  a  1 3 . 7  o r  a 9 . 1  in o t t e r  
t r a w l .  T o t a l  l e n g t h  {TU} was  m e a s u r e d  t o  t h e  n e a r e s t  ram a n d  s e x  a n d  
r e l a t i v e  g onad  c o n d i t i o n  was  r e c o r d e d .  F e c u n d i t y  w as  m e a s u r e d  by 
c o u n t i n g  a l l  l a r g e  e g g s  i n  t h e  o v a r y  a n d  ova  d i a m e t e r s  w e r e  m e a s u r e d  
w i t h  a c a l i b r a t e d  o c u l a r  m i c r o m e t e r .  S to m a c h s  w e r e  r e m o v e d  a n d  c o n t e n t s  
i d e n t i f i e d  t o  t h e  l o w e s t  p o s s i b l e  t s x o n .  In  s i t u  o b s e r v a t i o n s  w e r e  
made an d i v e  number 574  o f  Deep S u b m e r s i b l e  R e s e a r c h  V e h i c l e  A l v i n  
i n  N o r f o l k  Canyon ( s u b m e r s i b l e  down: 3 7 ° 0 3 .3 * N ,  7 4 ° 3 8 . 4 fW; s u b m e r s i b l e
up :  3 7 ° 0 4 . I TN, 74°38*W ),
R e s u l t s  a n d  D i s c u s s i o n
F a r a l i p a r i s  g a rm a n 1
T W e n t y - n i n e  s p e c i m e n s  o f  I \  g a r m a n i  a v e r a g i n g  112 mm Tl.
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( e x t r e m e s ;  6 5 - 1 5 7  mm) w ere  c o l l e c t e d  on t h e  c o n t i n e n t a l  s l o p e  from 
39°30* N t o  I n  d e p t h s  f r o m  226 t o  906 m ( 4 . 3  t o  1 1 . 0 °  C ) .
C o l l e c t i o n s  w e r e  n o t  l a r g e  enough  t o  a s c e r t a i n  t h e  d e p t h  o f  maximum 
a b u n d a n c e .  M ales  w i t h  l a r g e ,  c ream y  w h i t e  s w o l l e n  t e s t e s  w e re  
e n c o u n t e r e d  i n  J a n u a r y ,  J u n e ,  A ugus t  and November w h e r e a s  f e m a l e s  w i t h  
l a r g e  e g g s  ( > 2 . 0  mm In  d i a m e t e r )  w ere  c o l l e c t e d  in  J a n u a r y  and 
S e p t e m b e r .  F i v e  f e m a l e s  a v e r a g i n g  145 mra TL ( e x t r e m e s ;  133-157  mm) 
had  a g e o m e t r i c  mean f e c u n d i t y  o f  235 w i t h  t h e  u p p e r  and  lo w e r  95% 
c o n f i d e n c e  l i m i t s  b e i n g  185 a n d  298 ( e x t r e m e s :  1 9 0 - 3 1 7 ) .  One female
c o l l e c t e d  I n  S e p te m b e r  had  18 e g g s  w i t h  a mean d i a m e t e r  o f  2 . 3  mm w h ich  
w ere  p r o b a b l y  t h e  r e s i d u a l  e g g s  from p r e v i o u s  s p a w n i n g  and  w ou ld  have  
been  spaw ned  I n  t h e  n e x t  c l u t c h .  The l a r g e s t  e g g s  w ere  found i n  two 
f i s h e s ,  one in  S e p te m b e r  (x ova d i a m e t e r  ■ 3 . 3 ,  e x t r e m e s :  3 . 1 - 3 . 4 )  and 
one i n  J a n u a r y  (x ova  d i a m e t e r  ™ 3 . 3 ,  e x t r e m e s :  3 . 1 - 3 . 5 ) .  At s e x u a l  
m a t u r i t y ,  m a le s  w ere  s i g n i f i c a n t l y  s m a l l e r  t h a n  f e m a l e s  ( t  m 1 1 , 7 ,  d f  -  
18) :
N XTL E x t r e m e s
M ales  13 101 8 6 -1 1 2
F e m a le s  7 146 133-160
F o u r  o f  t h e  28 s to m a c h s  (14%) e x am in ed  w e r e  em pty .  C r u s t a c e a n s  
w ere  t h e  d o m i n a n t  i t e m  i n  t h e  d i e t  o c c u r r i n g  i n  17 (71%) o f  t h e  s to m a c h s  
w i t h  f o o d .  The c r u s t a c e a n s  t h a t  w ere  i d e n t i f i a b l e  w ere  p e l a g i c :  
S e r g e s t e s  s p l e n d e n s . j3. a r c t i c u s , S_. j a p o n i c u s . B o r e o m y s t s  t r l d e n s  
and e u p h a u s l l d s .  I n  t h e  s to m a c h s  o f  4 s e x u a l l y  m a tu r e  m a le s  e g g s  w e re  
fo u n d :
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TL Number o f  e g g s x  d i a m e t e r E x t rem es
102 3 2 . 8 2 . 5 - 3 . 1
104 14 3.5 3 . 3 - 3 . 6
109 17 2.  7 2 . 5 - 3 . 1
109 6 2 . 7 2 , 5 - 3 . 1
In  o n ly  o n e  o f  t h e s e  s to m a c h 9 was  a n y t h i n g  e l s e  p r e s e n t ,  a n d  t h a t  was 
a  s i n g l e  u n i d e n t i f i a b l e  c r u s t a c e a n  f r a g m e n t  i n  the  i n d i v i d u a l  w i t h  6
eggs .
D u r i n g  d i v e  #574 ,  P. g a r m a n i  was o b s e r v e d  a round  656 in. They w ere  
from 1 t o  3 m a b o v e  t h e  b o t t o m  o r i e n t e d  a t  a b o u t  15° t o  30°  t o  t h e  
h o r i z o n t a l .  Swimming i n  most  i n s t a n c e s  was a c c o m p l i s h e d  by  a rh y th m ic  
movement o f  t h e  f i n  r a y s  a l o n g  t h e  a x i s  o f  t h e  body r a t h e r  t h a n  
t y p i c a l  b o d y  f l e x u r e s .  They w e r e  swimming i n  a z o o p l a n k t o n  soup w i t h  
e u p h a u s i i d s ,  s e r g e s t I d a ,  c h a e t o g n a t h s , s a l p s ,  medusae ,  c o p e p o d s  and 
t o m o p t e r i d  p o l y c h a e t e s  in  a b u n d a n c e .  A l th o u g h  d e n s i t y  e s t i m a t e s  
from v i s u a l  c o u n t s  on t r a n s e c t s  w e r e  no t  made,  i t  a p p e a r e d  t h a t  P_. 
garmani was  f a r  more a b u n d a n t  a t  t h a t  d e p t h  th a n  o t t e r  t r a w l  c a t c h e s  
i n d i c a t e .  I t  i s  c o n j e c t u r e  a s  t o  w h e th e r  t h a t  was a l o c a l i z e d  
phenomenon o r  n o t .
P a r a l i p a r l s  c o p e i
I V e n t y - n i n e  P a r a l i p a r l s  c o p e i  a v e r a g i n g  148 mm TL ( e x t r e m e s :  97-
180) were  c o l l e c t e d  I n  t r a w l s  f ro m  36°32 ,5*N t o  39G2 7 . 2 , N i n  d e p t h s  o f  
619 t o  1189 m ( b o t t o m  t e m p e r a t u r e s :  4 , l - 5 . 1 tJC ) 1 F e m a le s  w i t h  l a r g e
eggs  { > 2 .0  mm i n  d i a m e t e r )  w e r e  c o l l e c t e d  i n  J a n u a r y ,  A u g u s t ,  S ep tem ber  
and November w h e r e a s  ma les  w i t h  l a r g e  t e s t e s  were e n c o u n t e r e d  in  
J a n u a ry  and  November.  The s e x  r a t i o  was 4 . 8  females  f o r  e v e r y  male  and
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a t  s e x u a l  m a t u r i t y ,  m a l e s  were  s i g n i f i c a n t l y  s m a l l e r  t h a n  f e m a l e s  
( t  -  3 . 8 ,  d f  -  1 1 ) :
N x  E x t r e m e s
M ales  4 139 1 2 7 -1 4 8
F e m a le s  9 159 1 4 6 -1 6 6
S i x  g r a v i d  f e m a l e s  h a d  a g e o m e t r i c  mean f e c u n d i t y  o f  68 e g g s  w i t h  t h e  
l o w e r  a n d  u p p e r  95% c o n f i d e n c e  i n t e r v a l s  b e i n g  53 and  88  ( e x t r e m e s  ™ 
4 5 - 8 6 ) .
T w e n t y - s i x  o f  t h e  29 s p e c i m e n s  (90%) h a d  f o o d  i t e m s  i n  t h e  
s t o m a c h s .  Two o f  t h e  s to m a c h s  w i t h  c o n t e n t s  h a d  c o p e p o d s  w h ich  w ere  
u n i d e n t i f i a b l e  w h e r e a s  t h e  o t h e r  24 c o n t a i n e d  a  j e l l y - l i k e  m a t e r i a l ,  
c l e a r  t o  w h i t e  i n  c o l o r ,  which  c o u l d  h a v e  b e e n  m e s o g l e a  f r o m  a 
c n i d a r i a n  o r  c t e n o p h o r e  o r  r e m a i n s  f rom a s a l p .  In  a f ew  i n s t a n c e s  i t  
a p p e a r e d  t o  r e s e m b l e  a medusae ,  b u t  t h e  e x a c t  i d e n t i f i c a t i o n  c o u l d  n o t  
be  made.  No e v i d e n c e  o f  b e n t h l c  f e e d i n g  w as  a p p a r e n t ,  i . e . ,  no 
s e d i m e n t  o r  r e m a i n s  o f  b e n t h l c  o r g a n i s m s  w e r e  f o u n d .
P a r a l i p a r l s  c a l i d u s
Ten J*. c a l i d u s  w e r e  c o l l e c t e d  a v e r a g i n g  116 mm TL ( e x t r e m e s :
6 2 -1 5 5  mm) a t  b e n t h l c  o t t e r  t r a w l  s t a t i o n s  f r o m  3 4 ° D 3 , 2 , N t o  3 9 ° 0 2 ’ N i n  
d e p t h s  from 315 m t o  1207 m ( b o t t o m  t e m p e r a t u r e s :  4 , 1 - 8 , 3  C ) . F e m a le s
w i t h  l a r g e  e g g s  { > 2 .0  mm In d i a m e t e r )  w e re  f o u n d  i n  A p r i l  and a m a le  
(105 mm TL) w i t h  s w o l l e n  t e s t e s  a n d  11 l a r g e  e g g s  i n  t h e  s to m a c h  
a v e r a g i n g  2 . 0  mm i n  d i a m e t e r  ( e x t r e m e s :  2 , 6 - 2 . 9  ran) w as  a l s o  t a k e n .
B e c a u s e  o f  t h e  p a u c i t y  o f  m a t e r i a l  l i t t l e  e l s e  c a n  be  s a i d  a b o u t  
s e a s o n a l  s p a w n in g  i n  t h i s  s p e c i e s ,  S even  o f  t h e  10 s p e c i m e n s  had  food  
I n  t h e i r  s t o m a c h s .  The j e l l y l i k e  m a t e r i a l  p r e v i o u s l y  d e s c r i b e d  f o r
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P. c o p e i  was e n c o u n t e r e d  I n  4 s t o m a c h s ,  h y p e r i l d  a m p h ip o d s  I n  two a n d  
t h e  l a r g e  e g g s  i n  t h e  o t h e r .
O b s e r v a t i o n s  f rom  D .S .R .V .  A l v i n  i n d i c a t e  P. garmani^  i s  n e a r  t h e
b o t t o m  and l i v e s  t h e r e  i n  a r i c h  p o o p l a n k t o n  s o u p .  The d i e t s  o f  a l l
t h r e e  s p e c i e s  a r e  made up o f  p e l a g i c  i t e m s  w h ich  i n d i c a t e s  t h a t  t h e y  
a r e  a l l  i n  t h e  w a t e r  column and  t h e i r  t r u e  a bundanc e  i s  p r o b a b l y  
g r e a t e r  t h a n  I n d i c a t e d  by t r a w l  c a t c h e s .  S i n c e  P a r a l l p a r i s  l a c k s  a 
s w i m b l a d d e r , t h e  j e l l y l i k e  m a t e r i a l  u n d e r  t h e  s k i n  p r o b a b l y  s e r v e s  a s  
an a i d  i n  f l o a t a t i o n .  The c h e m i c a l  c o m p o s i t i o n  o f  t h i s  m a t e r i a l
s h o u l d  be  a n a l y z e d  and  i t s  s t r u c t u r e  d e t e r m i n e d  t o  s e e  what  i t
c o n t r i b u t e s  to  b u o y a n c y .  I t  a p p e a r s  v e r y  s i m i l a r  to  t h e  j e l l y l i k e  
s u b s t a n c e  found  i n  M e la n o s t i g m a  a t l a n t i c u m , a p e l a g i c  z o a r c i d  w h ich  
a l s o  l a c k s  a s w i tn b l a d d e r .
Burke (1930 )  i n  h i s  a c c o u n t  o f  t h e  h a b i t s  o f  l i p a r l d s  d i s c u s s e d  
C a r e p r o c t u s  o v i g e r u m , a s p e c i e s  known f rom  one  s p e c im e n  c o l l e c t e d  a t  
2904 m. T h i s  male had a m a ss  o f  e g g s  i n  i t s  mouth a n d  t h e  em bryos  
w ere  v i s i b l e .  S in c e  t h o s e  o b s e r v a t i o n s ,  i t  had  been  s u g g e s t e d  t h a t  t h e  
d e e p - s e a  l i p a r i d s  a r e  mouth b r o o d e r s .  None o f  t h e  s p e c i m e n s  o f  
Barmani and  P. c a l i d u s  u s e d  i n  t h i s  s t u d y  c o n t a i n e d  e g g s  In  t h e  mouth 
c a v i t y .  A l l  were  found  i n  t h e  s t o m a c h s .  They w e r e ,  h o w e v e r ,  i n  t h e  
r a n g e  f o r  t h e  maximum s i z e d  e g g s  f o r  t h o s e  s p e c i e s .  Could  t h i s  
m e r e l y  be  an  i n s t a n c e  o f  a  m a le  i n g e s t i n g  t h e  eggs  o f  t h e  f e m a l e  a f t e r  
spaw ning?  I t h i n k  n o t .  The r e p r o d u c t i v e  p o t e n t i a l  o f  P ,  g a r m a n i  i s  
low and t h e  h i g h  i n c i d e n c e  o f  e g g s  i n  t h e  s tomachB o f  m a t u r e  m a l e s  
( t h e  e g g s  c o u l d  h a v e  b e e n  s w a l lo w e d  d u r i n g  a s c e n t  o f  t h e  t r a w l )  seem 
t o  i n d i c a t e  some t y p e  o f  h r o o d i n g  b e h a v i o r ,  The d a t a  a r e  n o t  e x t e n s i v e  
enough t o  s h e d  f u r t h e r  l i g h t  on t h e  p r o b l e m ,  how eve r ,  i n v e s t i g a t o r s
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s h o u l d  b e  a w a r e  o f  t h e a e  phenom ena  so  t h a t  when t h e s e  f i s h e s  a r e  
e n c o u n t e r e d  p ro m p t  f i e l d  o b s e r v a t i o n s  can  b e  m ade .
Part X-
J u v e n i l e  G o o s e f i a h ,  L o p h l u s  a m e r i c a n u B » 
on t h e  C o n t i n e n t a l  S l o p e  o f f  V i r g i n i a
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I n t r o d u c t i o n
The g o o s e f i s h ,  L o p h l u s  a m e r i c a n u s , I s  a common member o f  t h e  
i c h t h y o f a u n a  o f  t h e  c o n t i n e n t a l  s h e l f  from t h e  n o r t h e r n  G u l f  o f  S t ,  
L a w re n c e  (Le lm and S c o t t  1966) s o u t h  t o  N or th  C a r o l i n a  ( B ig e lo w  and 
SchToeder 1 9 5 3 ) ,  L o p h i u s  i s  a  e u r y b a t h i c  s p e c i e s ,  h a v i n g  b e e n  
c a p t u r e d  f rom  t h e  t i d e  l i n e  { B ig e lo w  and S c h r o e d e r  1953)  t o  d e p t h s  o f  
840 m on t h e  c o n t i n e n t a l  s l o p e  (M a r k le  and M uslck  1 9 7 4 ) .  A l th o u g h  
t h i s  w ide  d e p t h  r a n g e  h a s  been  p r e v i o u s l y  n o t e d ,  d e t a i l e d  d e n s i t y  
e s t i m a t e s  w i t h  d e p t h  and s i z e  d a t a  a r e  l a c k i n g  f o r  t h i s  s p e c i e s  on 
t h e  c o n t i n e n t a l  s l o p e .  The p u r p o s e  o f  t h i s  r e p o r t  I s  to  d e s c r i b e  
t h e  d i s t r i b u t i o n ,  a b u n d a n c e  and  s i z e  o f  L. a m e r i c a n u s  on t h e  c o n t i n e n t a l  
s l o p e  o f f  V i r g i n i a .
M a t e r i a l s  and  Methods
D ata  f ro m  f o u r  s e a s o n a l  c r u i s e s  on th e  c o n t i n e n t a l  s l o p e  from 75
t o  3080 m o f f  t h e  V i r g i n i a  c o a s t  ( 3 6 ° 4 0 , * 3 7 ° 1 0 fN) w e re  t h e  b a s i s  f o r
t h i s  s t u d y .  O n e - h a l f  h o u r  t r a w l s  w e re  made w i t h  a 1 3 ,7  m s e m i b a l l o o n
o t t e r  t r a w l  w h ich  was e q u i p p e d  w i t h  China ' V  d o o r s  and towed from a
s i n g l e  w a r p .  Trawl c h a r a c t e r i s t i c s  I n c l u d e :  4 . 4 5  cm s t r e t c h  mesh i n
w i n g s  and  body and 1 . 2 7  cm s t r e t c h  mesh i n  t h e  c o d e n d .  Mean d e p t h
o f  t r a w l  was  c a l c u l a t e d  from d e p t h s  o b t a i n e d  e v e r y  t h r e e  m i n u t e s  a f t e r
t h e  t r a w l  was s e t  ( “  end of  w i r e  p a y o u t ) .  D e n s i t y  (number  and  b i o m a s s /
2
1Q00 m ) was c a l c u l a t e d  from t h e  number c a u g h t  and  t h e  a r e a  c o v e r e d  
by t h e  t r a w l .  Area  sam pled  was o b t a i n e d  from t h e  p r o d u c t  o f  t h e
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d i s t a n c e  t r a w l e d  o b t a i n e d  from L o ra n -C  p o s i t i o n s  a t  n e t  s e t  and n e t  
h a u l  a n d  6 , 7  m, t h e  sweep  o f  t h e  1 3 . 7  m o t t e r  t r a w l  {Mustek,  p e r s .  
c o m m .) .  A t  s e a  f i s h e s  w e r e  m e a s u r e d  to  t h e  n e a r e s t  cm t o t a l  l e n g t h  
(TL) . H y d r o g r a p h i c  d a t a  w e re  c o l l e c t e d  by c o n d u c t i v i t y - t e m p e r a t u r e -  
d e p t h  c a s t s  (CTD) o r  N ansen  b o t t l e s  w i t h  r e v e r s i n g  th e rm o m e t e r s .  
S t a t i s t i c a l  a n a l y s i s  was c a r r i e d  o u t  on an IBM-360 com pute r  u s i n g  
S t a t i s t i c a l  P a c k a g e  f o r  t h e  S o c i a l  S c i e n c e s  (N ie  e t  a l .  1 9 7 5 ) .
R e s u l t s
L o p h i u s  was c o l l e c t e d  i n  68£ o f  t h e  111 s u c c e s s f u l  b e n t h l c  o t t e r  
t r a w l s  made b e t w e e n  75 and 900 m. The a p e c i e s 1 d e p t h  r a n g e  on t h e  
c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a  was  from 75 to  820 m. P l o t s  o f  t h e  l o g  
(x  + 1)  number  a n d  w e i g h t  c a u g h t / 0 . 5 - h  t r a w l  a r e  in  F ig u r e  104.
C a t c h e s ,  g r o u p e d  I n t o  200 m d e p t h  o f  c a p t u r e  I n t e r v a l s  f o r  a l l  c r u i s e s  
a r e  s u m m a r i z e d  i n  T a b l e  32 .
L o p h i u s  a m e r i c a n u s  was  t a k e n  a t  bottom t e m p e r a t u r e s  f rom 4 . 5  t o  
1 4 . 0 ° C ,  A n a l y s i s  o f  v a r i a n c e  on t h e  l o g  (number + 1) and l o g  (b io m a s s  +
1) p e r  0 . 5 - h  tow  g r o u p e d  i n t o  2°C i n t e r v a l s  showed s i g n i f i c a n t  
d i f f e r e n c e s  i n  c a t c h e s  a t  d i f f e r e n t  t e m p e r a t u r e s  (number: F= 1 3 . 8 ,  d f  ■
4 ,  1 0 4 ;  b i o m a s s :  F ■ 9 . 6 ,  d f  * 4 ,  1 0 4 ) .  S c h e f f e ’ s  l i n e a r  c o n t r a s t s
t o  i s o l a t e  s i g n i f i c a n t  d i f f e r e n c e s  be tween  t r e a t m e n t  means showed
D Oc a t c h e s  a t  t h e  e n d s  o f  t h e  t e m p e r a t u r e  d i s t r i b u t i o n  (4 -6  C; 12-14  C) 
w e r e  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  o t h e r s .  C a t c h e s  f o r  t e m p e r a t u r e  
i n t e r v a l s  a r e  In  T a b l e  33 ,
2
The  g r e a t e s t  d e n s i t y  e x p r e s s e d  a s  number a n d  b i o m a s s / 1000 m f o r  
t r a w l  c a u g h t  s p e c i m e n s  was found  In  d e p t h s  from 200-399 m ( T a b l e  3 4 ) ,  
T h e s e  v a l u e s  a p p e a r  t o  c h a n g e  w i t h  s e a s o n  bu t  t h e  r a t h e r  h i g h  v a r i a n c e
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F i g u r e  1 0 4 .  Log (num ber  +  1) ( u p p e r )  and Log ( b l o m a s s t g }  + 1) ( l o w e r )
p e r  0 . 5 - h  1 3 . 7  tn o t t e r  t r a w l  f o r  L o p h iu s  a m e r i c a n u s  c o l l e c t e d  
on t h e  c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a .
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a n d  s m a l l  s a m p l e  s i z e  p r e c l u d e d  more d e t a i l e d  s t a t i s t i c a l  e v a l u a t i o n ,
L o p h i u s  a m e r i c a n u s  i s  a  c o n s i s t e n t  and r e l a t i v e l y  I m p o r t a n t  
member o f  t h e  b e n t h l c  f i s h  community  I n  t h e  s h a l l o w e r  p a r t  o f  I t s  
d e p t h  r a n g e  on t h e  s l o p e  (7 5 -5 9 9  m ) . I t s  i m p o r t a n c e  I n  t h e  c a t c h e s  
d e c r e a s e s  w i t h  d e p t h  beyond 600  m t o  t h e  p o i n t  w here  I t  I s  r a r e l y  
e n c o u n t e r e d  I n  t r a w l s ,  and  when  c o l l e c t e d ,  I t  c o n t r i b u t e s  b u t  a s m a l l  
p e r c e n t a g e  t o  t h e  t o t a l  f i s h  community  ( T a b l e  3 2 ) ,
L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  o f  L. a m e r i c a n u s  I s  I n  F i g u r e  105.  
The s m a l l e s t  I n d i v i d u a l  was 60 mm TL w h e r e a s  t h e  l a r g e s t  was 940 mm 
TL. P l o t s  o f  t o t a l  l e n g t h  a g a i n s t  mean d e p t h  o f  t r a w l  f a i l e d  to  
d e m o n s t r a t e  s i g n i f i c a n t  s i z e - d e p t h  r e l a t i o n s ,  h o w e v e r ,  o n l y  1 o f  18 
I n d i v i d u a l s  l a r g e r  t h a n  500 mm TL was found  i n  d e p t h s  g r e a t e r  t h a n  400 
m. Most (723!) o f  t h e s e  l a r g e r  s p e c im e n s  w ere  t r a w l e d  in  d e p t h s  l e a s  
t h a n  300 m.
D i s c u s s i o n
The d i s t r i b u t i o n  and  a b u n d a n c e  o f  L. a m e r i c a n u s  on t h e  c o n t i n e n t a l  
s l o p e  o f f  t h e  e a s t e r n  U n i t e d  S t a t e s  has  been  v e r y  p o o r l y  docum en ted .  
S c h r o e d e r  ( 1 9 5 5 )  c l a s s i f i e d  L o p h iu a  a s  a  m i s c e l l a n e o u s  f i s h  s p e c i e s  
w h ich  was t a k e n  i n  11+ t r a w l s  f rom  91 t o  823 m on t h e  c o n t i n e n t a l  
s l o p e  from ‘'4  3°N t o  ~37°N. The t o t a l  number o f  L o p h i u s  t a k e n  d u r i n g  
t h e  s u r v e y  w as  f rom  11 t o  100 I n d i v i d u a l s  ( s e e  S c h r o e d e r  (1955} T a b l e
11) I n d i c a t i n g  t h a t  a l t h o u g h  t h e  s p e c i e s  was f r e q u e n t l y  e n c o u n t e r e d ,  I t  
was n o t  v e r y  a b u n d a n t .  No a i * e  d a t a  w ere  i n c l u d e d .  H a e d r i c h  e t  a l ,
(1975 )  l i s t e d  L o p h i u s  a s  a member o f  t h e i r  s h a l l o w  f i s h  g r o u p  ( 1 4 1 -  
285 m) i n  t h e  a n a l y s i s  o f  t h e  b e n t h l c  f a u n a  f rom  t r a w l s  n o r t h  o f  
Hudson Canyon.  However ,  t h e i r  r e c o r d s  a r e  b a s e d  on 3 s p e c i m e n s .
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F i g u r e  105.  L e n g t h  f r e q u e n c y  d i s t r i b u t i o n  f n r  L o p h i u s  a m e r i c a n u s  
f ro m  t h e  c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a ,
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Rowe e t  a l .  (1975) o n  t h e  b a s i s  o f  o b s e r v a t i o n s  from D . S . R . V ,  A l v i n
in  t h e  d e e p  b a s i n s  o f  t h e  G u l f  o f  Maine  g a v e  an  e s t i m a t e d  s t a n d i n g
2
c r o p  o f  0 . 0 3  L o p h i u s /m f o r  a 10 m long  t r a n s e c t .  A n a l y s i s  o f  a l l
t r a n s e c t  d a t a  ( s e e  t h e i r  T a b l e  3) y i e l d e d  a  d e n s i t y  o f  0 . 0 0 1  L o p h i u s /
2 2 m a t  280 m. Expanded  t o  10QO m , t h i s  v a l u e  c l o s e l y  a p p r o x i m a t e s
t h a t  f rom  o t t e r  t r a v l s  i n  t h e  N o r f o l k  Canyon a r e a  ( T a b l e  3 5 ) ,
The  m os t  i n t e r e s t i n g  a s p e c t  o f  t h i s  s t u d y  i s  t h e  p a r a l l e l  t h a t
can  be  d raw n  b e t w e e n  L. a m e r i c a n u s  and  t h e  w i t c h  f l o u n d e r ,  G l v p t o c e p h a l u s
c y n o g l o s s u s  on t h e  c o n t i n e n t a l  s l o p e  o f f  t h e  e a s t e r n  U .S .  M ark le  (1 9 7 5 )
found  t h e  s l o p e  o f f  V i r g i n i a  t o  be p o p u l a t e d  w i t h  j u v e n i l e  (J.
c y n o g l o s s u s  from 166 to  1408 m. He I n d i c a t e d  t h a t  t h e s e  w i t c h  f l o u n d e r
w i t h  t h e i r  l o n g - l i v e d  p e l a g i c  l a r v a e  may h a v e  b e e n  e x p a t r i a t e s  from
more n o r t h e r n  s t o c k s .  These  may have  been  t r a n s p o r t e d  s o u t h  a s
p e l a g i c  l a r v a e ,  m e tam o rp h o s ed  a v e r  t h e  s l o p e  and  d e s c e n d e d  t o  th e
b o t t o m ,
L o p h i u s  a m e r i c a n u s  spawns from s p r i n g  t h r o u g h  e a r l y  au tum n;  
t h e  e x a c t  t im e  i s  d e p e n d e n t  u p o n  l a t i t u d e ,  w i t h  s o u t h e r n  i n d i v i d u a l s  
s p a w n in g  e a r l i e r  ( B i g e l o w  and  S c h r o e d e r  1 9 5 3 ) .  The e g g s  a r e  p e l a g i c  
and a r e  s h e d  I n  l a T g e  v e i l s .  The l a r v a e  a f t e r  h a t c h i n g  a r c  p e l a g i c .
The l e n g t h  o f  t h e  l a r v a l  p e r i o d  i s  unknown. J u d g i n g  f rom  t h e  s i z e  o f  
t h e  s m a l l e s t  b e n t h l c  i n d i v i d u a l s  c o l l e c t e d  i n  N o r f o l k  Canyon  (60 mm T L ) , 
t h e  s m a l l e s t  s i z e s  r e p o r t e d  by B ig e lo w  and  S c h r o e d e r  ( 1 9 5 3 )  ( 6 0 -7 5  nun 
TL) a n d  t h e  l a r g e  s i z e  (50 mm TL) o b t a i n e d  by t h e  c l o s e l y  r e l a t e d  
E u ro p e a n  s p e c i e s ,  L o p h i u s  p l s c a t c r i u s , L.  a m e r i c a n u a  p r o b a b l y  h a s  a 
long  l i v e d  l a r v a e .
A n a l y s i s  o f  t h e  L oph ius  l e n g t h s  c o l l e c t e d  by t h e  F i s h e r i e s  
R e s e a r c h  Board  o f  Canada  g r o u n d f i s h  s u r v e y  in  t h e  G u l f  o f  Maine and o n
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t h e  Nova S c o t i a n  s h e l f  f r o m  t h e  s u m m e rs  o f  1971 t h r o u g h  1974 show ed  
t h e s e  f i s h  t o  be m a r k e d l y  l a r g e r  t h a n  t h o s e  on t h e  c o n t i n e n t a l  s l o p e  
o f f  V i r g i n i a .  The a v e r a g e  s i z e  f o r  280  s p e c i m e n s  f ro m  C a n a d i a n  
s h e l f  w a t e r s  was  62 cm TL w i t h  a  r a n g e  f rom 13 t o  178  cm TL. S e v e n t y  
p e r c e n t  o f  t h e s e  w e re  g r e a t e r  t h a n  50  cm TL.
Thus  t h e  p a r a l l e l  b e t w e e n  tl ,  c y n o g l o a s u a  and  L.  a m e r i c a n u s  
becomes e v i d e n t .  B o th  a r e  d e m e r s a l  f i s h e s  w i t h  p l a n k t o n l c  e g g s  and 
l a r v a e .  The  l a r g e  l a r v a l  s i z e  a t t a i n e d  by b o t h  s p e c i e s  I n d i c a t e s  t h a t  
t h e y  r e s i d e  i n  t h e  p l a n k t o n  f o r  r e l a t i v e l y  l o n g  p e r i o d s  a n d  t h u s  t h e y  
a r e  s u s c e p t i b l e  t o  l a t i t u d i n a l  t r a n s p o r t  by  s u r f a c e  w a t e r s .  S e v e r a l  
q u e s t i o n s  a r e  a t  o n c e  p o s e d  a b o u t  L o p h i u s . F i r s t ,  a r e  t h e  f e w  l a r g e  
i n d i v i d u a l s  e n c o u n t e r e d  i n  J a n u a r y  a n d  J u n e  i n  N o r f o l k  Canyon 
c o l l e c t i o n s  members  o f  t h e  s h e l f  p o p u l a t i o n  t h a t  m i g r a t e d  t o  t h e  
s l o p e  d u r i n g  c o l d e r  w a t e r  t e m p e r a t u r e s ?  S e c o n d ,  a f t e r  a p e r i o d  o f  
g ro w th ,  do t h e  J u v e n i l e  g o o s e f i s h  on  t h e  s l o p e  j o i n  t h e  s h e l f  s t o c k s ?  
A l th o u g h  t h e  g o o s e f i s h  i s  n o t  a p r i m e  c o m m e r c i a l  s p e c i e s ,  t h e  t a i l s  
o f  l a r g e r  i n d i v i d u a l s  a r e  o f t e n  m a r k e t e d .  The  e x i s t e n c e  o f  t h e  
j u v e n i l e  p o p u l a t i o n  on  t h e  c o n t i n e n t a l  s l o p e  may a c t  a s  a  b u f f e r  
a g a i n s t  d r a s t i c  d e c l i n e s  d u e  t o  o v e r f i s h i n g  t h e  s h e l f  s t o c k  a n d  t h u s  
mus t  he t a k e n  i n t o  a c c o u n t  f o r  r e s o u r c e  a s s e s s m e n t .
Summary
One o f  t h e  p r i m a r y  i n i t i a l  o b j e c t i v e s  o f  t h i s  s t u d y  w as  t o  a t t e m p t  
t o  e x p a n d  upon t h e  i d e a s  p r e s e n t e d  by Mead e t  a l , (1964)  on  modes o f  
r e p r o d u c t i o n  i n  d e e p - s e a  f i s h e s .  I  h ove  b e e n  a b l e  t o  add some new 
k n o w le d g e  t o  t h e i r  f o u n d a t i o n ,  b u t  a  g r e a t  d e a l  o f  e x t r a p o l a t i o n ,  
n e g a t i v e  e v i d e n c e ,  and c o n j e c t u r e  a t  111 r e m a i n .
I t  i s  g e n e r a l l y  r e a l i z e d  t h a t  some t y p e  o f  e c o l o g i c a l  s e p a r a t i o n  
e x i s t s  b e tw e e n  l a r v a e ,  J u v e n i l e s  a n d  a d u l t s  i n  f i s h e s  and  t h a t  s p a w n i n g  
and d e v e l o p m e n t  g e n e r a l l y  t a k e s  p l a c e  away f ro m  t h e  p r i m a r y  a d u l t  
h a b i t a t .  For o r g a n i z a t i o n a l  p u r p o s e s ,  I h a v e  d i v i d e d  t h e  d o m i n a n t  
f i s h e s  on t h e  c o n t i n e n t a l  r l o p e  o f f  t h e  M i d d l e  A t l a n t i c  c o a s t  i n t o  4 
g r o u p s  b ased  on t h e i r  l i f e  h i s t o r y  p a t t e r n s .  T h e s e  a r e :
Group I :  b e n t h i c  o r  b e n t h o p e l a g l c  f i s h e s  w h ic h  have  p e l a g i c
e g g s  a n d  l a r v a e ;
Group I T :  b e n t h i c  f i s h ,  b e n t h i c  e g g s  w i t h  d i r e c t  d e v e l o p m e n t ;
Group I I I :  p e l a g i c - m e s o p e l a g i c  f i s h ,  b e n t h i c  e g g s  w i t h  d i r e c t  
d e v e l o p m e n t ;
Group IV: p r o b l e m a t i c a l
T h i s  i s  i n t e n d e d  a s  a  f ram ew ork  For d i s c u s s i o n  a n d  s h o u l d  n o t  b e  
c o n s i d e r e d  a s  a r i g i d  c l a s s i f i c a t i o n .
G roup  1
T h e r e  a r e  two g e n e r a l  p a t t e r n s  among t h e  d o m i n a n t  f i s h e s  on t h e  
c o n t i n e n t a l  s l o p e  w h ich  h a v e  p e l a g i c  e g g s  and l a r v a e  and a r e  b e n t h o n l c  
a f t e r  t h e i r  e a r l y  l i f e  h i s t o r y  s t a g e s .  One i s  a m i g r a n t  p a t t e r n ,  t h e  
o t h e r  r e s i d e n t .  The s p e c i e s  may b e  c l a s s i f i e d  a s  one  o r  t h e  o t h e r  
b a s e d  o n  t h e  p r e s e n c e  o r  a b s e n c e  o f  m a t u r e  I n d i v i d u a l s  d u r i n g  t h e
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t h e  s a m p l i n g  p e r i o d ,  t h e  r e p r e s e n t a t i o n  o f  a l l  s i z e  g r o u p s  i n  t h e  
l e n g t h  f r e q u e n c y  d i s t r i b u t i o n s  a n d  t h e  known d i s t r i b u t i o n  o f  t h e  
l a r v a e .  R e s i d e n t s  t e n d  t o  be t h o s e  whose  l i f e  c y c l e  i s  a s s o c i a t e d  
w i t h  t h e  c o n t i n e n t a l  s l o p e  i n  a r e l a t i v e l y  r e s t r i c t e d  g e o g r a p h i c a l  a r e a ,
O p h lc h t h u a  c r u e n t l f e r  l a  a s p e c i e s  t h a t  h a s  p e l a g i c  e g g s  and 
l a r v a e  and  f o r  t h e  p r e s e n t  d i s c u s s i o n  l a  c o n s i d e r e d  a  r e s i d e n t  member 
o f  t h e  s l o p e  I c h t h y o f a u n a , T h i s  s p e c i e s  i s  f o u n d  from 36 m t o  1350 m 
w i t h  i t s  maximum a b u n d a n c e  from 150 t o  400 m, O p h l c h t h u a  f e e d s  on 
b e n t h i c  i n f a u n a  and e p l f a u n a  and  h a s  maximum g o n a d a l  a c t i v i t y  in  J u n e  
and th e  p e l a g i c  eggs  and l a r v a e  h a v e  b e e n  t a k e n  i n  s u r f a c e  p l a n k t o n  
tows from J u l y  t o  S e p te m b e r .  The s m a l l e s t  s i z e  r e p r e s e n t e d  i n  t r a w l  
c o l l e c t i o n s  i s  19 cm TL, a l t h o u g h  s m a l l e r  i n d i v i d u a l s  a r e  p r o b a b l y  
u n a v a i l a b l e  to  t r a w l s  b e c a u s e  o f  t h e i r  b u r r o w i n g  b e h a v i o r  and  t h e i r  
s l e e k  o u t l i n e  w hich  a l l o w s  them t o  p a s s  t h r o u g h  c o a r s e  t r a w l  m e sh es .
The lo n g  f i n  h a k e ,  P h y c i s  c h e s t e r i ,  a l s o  c a r r i e s  o u t  i t s  l i f e  
c y c l e  i n  t h e  r e l a t i v e l y  n a r ro w  c o n f i n e s  o f  t h e  c o n t i n e n t a l  s l o p e .
T h i s  s p e c i e s ,  a l t h o u g h  found  f m n  160 t o  ~1200 m, has  i t s  maximum 
ab u n d an c e  from 300 to  1000 m. The J u v e n i l e s  a n d  s m a l l e r  members o f  
t h e  p o p u l a t i o n  a r e  g e n e r a l l y  found  i n  t h e  s h a l l o w e r  p o r t i o n  o f  t h e  
s p e c i e s  d e p t h  r a n g e  (160  t o  400 in) and  no i n d i v i d u a l s  l e s s  t h a n  16 cm 
SL were  found in  d e p t h s  g r e a t e r  t h a n  700 m. I t  f e e d s  l a r g e l y  on 
p e l a g i c  i t e m s  such  a s  e u p h a u s i i d s , s e r g e s t i d s ,  h y p e r l i d  a m p h lp o d s  and 
r a y c t o p h i d s .
P h y c i s  h a s  a l a r g e  number o f  s m a l l  p e l a g i c  e g g s  w h ich  a r e  
spawned I n  l a t e  f a l l  and  e a r l y  w i n t e r .  They have  a r a t h e r  r a p i d  r a t e  
o f  deve lopm en t  s i n c e  j u v e n i l e s  f ro m  3 t o  6 cm SL f i r s t  a p p e a r  on t h e  
s l o p e  i n  A p r i l .
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P i c r o l e n e  l n t r o n i g r a  i a  a l s o  a r e s i d e n t  s l o p e  s p e c i e s  w h ic h  
p r o b a b l y  h a s  p e l a g i c  eggs  and  l a r v a e .  A l th o u g h  t h e  e g g s  and l a r v a e  
h a v e  n e i t h e r  b een  c o l l e c t e d  In  m id w a te r  o r  s u r f a c e  p l a n k t o n  tow s  nor  
a r t i f i c i a l l y  f e r t i l i z e d ,  t h e i r  s m a l l  s i z e  ( 0 . 4 3  t o  0 . 5 5  ram) i n  th e  
moBt m a t u r e  f e m a le s  s u g g e s t s  t h a t  t h e s e  eggs  p r o b a b l y  a r e  p e l a g i c .
T h i s  s p e c i e s  l a  a s e a s o n a l  sp aw n er  showing  maximum g o n a d a l  a c t i v i t y  
f rom J u n e  th ro u g h  S ep tem ber ,
D i c r o l e n e  i s  found from 670 to  1700 m w i t h  i t s  maximum a b u n d a n c e  
f rom 800  t o  1600 m, There  Is  a t e n d e n c y  f o r  s m a l l e r  i n d i v i d u a l s  o f  
t h i s  s p e c i e s  to  be  c o l l e c t e d  i n  s h a l l o w e r  d e p t h s .  S m a l l  i n d i v i d u a l s  
{ <10 cm SL) were  found in  June* J u l y  and S e p te m b e r .  T h i s  may i n d i c a t e  
t h e  t im e  and s i z e  a t  which  t h i s  s p e c i e s  d e s c e n d s  f rom t h e  p e l a g i c  r ea lm  
and becomes  a v a i l a b l e  to  b e n t h i c  t r a w l s .  D i c r o l e n e  f e e d s  on b e n t h i c  
i n f a u n a  and  e p i f a u n a .
C o r y p h e n o i d e s  c a r a p i n u s , a s m a l l  b e n t h i c  m a c r o u r i d  c o n s i d e r e d  to  
be  a  r e s i d e n t ,  o c c u r s  c o n s i s t e n t l y  i n  b e n t h i c  t r a w l  s a m p l e s  b e l o w  1000 m 
i n  N o r f o l k  Canyon,  H a e d r ic h  and  P o i l o n i  {1976) found  t h i s  s p e c i e s  
from 1200 t o  2800 m o f f  s o u t h e r n  New E n g l a n d ,  They i n d i c a t e d  t h a t  t h i s  
s p e c i e s  h a s  a s i z e - d e p t h  r e l a t i o n  w i t h  s m a l l e r  f i s h e s  found b e t w e e n  
1200 a n d  1800 m w h e re a s  l a r g e r  i n d i v i d u a l s  w e re  g e n e r a l l y  found  
d e e p e r .  C o ry p h e n o id e a  c a r a p i n u s  f e e d s  on b e n t h i c  In f a u n a  and  e p i f a u n a  
and  i s  a s e a s o n a l  spawner  showing maximum g o n ad a l  a c t i v i t y  i n  November, 
C o l l e c t i o n s  from N o r f o lk  Canyon I n d i c a t e  t h a t  t h e  maximum g o n a d a l  
a c t i v i t y  i a  front November to  J a n u a r y .  Females  w i t h  t h e  l a r g e s t  e g g s  
( ' 0 . 6 4  mtn i n  d i a m e t e r )  were  t a k e n  i n  J a n u a r y .  Ten s p e c i m e n s  f ro m  N o r f o lk  
Canyon h a d  a g e o m e t r i c  mean f e c u n d i t y  o f  6 9 , 2 0 0  ( e x t r e m e s :  3 6 , 1 0 0 -
1 2 6 , 7 0 0 )  and f o u r  o f  t h e s e  had  a r e l a t i v e  f e c u n d i t y  o f  960 e g g s / g
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body  w e i g h t .  The s m a l l e s t  i n d i v i d u a l s  c o l l e c t e d  b y  N a e d r i c h  and  
P o l l o n i  ( 1 9 7 6 )  w e r e  a b o u t  15 xran f rom  s n o u t  t o  anus  w h ich  may I n d i c a t e  
t h e  s i z e  a t  w h ich  t h i s  s p e c i e s  becomes  a v a i l a b l e  t o  b o t t o m  t r a w l s .
Ba th y  B a u m s  f e r o x * a l s o  a r e s i d e n t  s p e c i e s *  i s  d i s t r i b u t e d  f rom  
1350 t o  2933 m o f f  t h e  M id d le  A t l a n t i c  c o a s t .  I t  i s  a s y n c h r o n o u s  
h e r m a p h r o d i t e  s h o w i n g  maximum gonad m a t u r i t y  f rom November t o  J a n u a r y .
I t  h a s  a  low r e l a t i v e  f e c u n d i t y  1 4 . 7 - 1 0 . 3  e g g s / g  body w e i g h t  a n d  t h e  
l a r v a e  a r e  known t o  he  m e s o p e l a g i e  ( J o h n s o n  1 9 7 4 ) .  I t  I s  a  p r e d a t o r y  
a n i m a l  f e e d i n g  on f i s h e s  and d e c a p o d s .  The s m a l l e s t  s p e c i m e n  c o l l e c t e d  
i s  174 m"i SL and may r e p r e s e n t  t h e  s i z e  a t  w h ich  B a t h y s a u r u s  f e r o x  
t a k e s  up a b e n t h i c  mode o f  l i f e .
B e n t h l c  o r  b e n t h o p e l a g l c  f i s h e s  t h a t  h a v e  p e l a g i c  e g g s  a n d  
l a r v a e  a n d  use  some g e o g r a p h i c a l  a r e a  o t h e r  t h a n  t h e  c o n t i n e n t a l  
s l o p e  o f f  t h e  M id d le  A t l a n t i c  C o as t  aa  a s p a w n i n g  a r e a *  a r e  f o u n d  a t  
a l l  d e p t h s .  On t h e  u p p e r  s l o p e ,  L o p h iu s  a m e r i c a n u s  i s  f o u n d  f ro m  75 t o  
825 m. N i n e t y - e i g h t  p e r c e n t  o f  t h e  920 s p e c i m e n s  c o l l e c t e d  w i t h  t h e  
1 3 . 7  m t r a w l  w ere  j u v e n i l e s  l e e s  t h a n  50 cm TL (x ■ 187 mm T L ) , The 
l a r g e s t  i n d i v i d u a l s  w e re  c o l l e c t e d  In  J a n u a r y  and  J u n e  and  may r e p r e s e n t  
f i s h e s  t h a t  w e re  p a r t  o f  an  i n s h o r e - o f f s h o r e  s e a s o n a l  m i g r a t i o n .  
S p ec im en s  on t h e  c o n t i n e n t a l  s h e l f  o f f  t h e  A t l a n t i c  c o a s t  o f  Canada  
c o l l e c t e d  d u r i n g  summer g r o u n d f i s h  s u r v e y s  a v e r a g e d  62 cm TL w i t h  o n l y  
303 o f  t h e s e  b e i n g  l e s s  t h a n  50 cm TL,
L o p h i u s  spawns f rom  s p r i n g  t h r o u g h  f a l l  on  t h e  e a s t  c o a s t  o f  t h e  
U n i t e d  S t a t e s  w i t h  s p a w n in g  s t a r t i n g  e a r l i e r  i n  more s o u t h e r l y  l o c a l e s .  
The f e c u n d i t y  i s  h i g h  a n d  t h e  eggs  a r e  s h e d  i n  l o n g  s h e e t s  o r  v e i l s .  
L a r v a e  a r e  p e l a g i c  a n d  d e s c e n d  t o  t h e  b o t t o m  somewhere a r o u n d  7 cm TL 
( B i g e l o w  and S c h r o e d e r  1 9 5 3 ) .  The s m a l l e s t  I n d i v i d u a l s  f ro m  N o r f o l k
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Canyon s a m p l e s  r a n g e d  from 7 t o  10 cm TL. The p a u c i t y  o f  l a r g e  a d u l t s  
and t h e  p r e p o n d e r a n c e  o f  t h e  s m a l l e r  s i z e  c l a s s e s  p r o v i d e s  e v i d e n c e  t h a t  
t h i s  s p e c i e s  u t i l i z e s  t h e  u p p e r  c o n t i n e n t a l  s l o p e  o f f  t h e  M id d le  A t l a n t i c  
c o a s t  a s  a  n u r s e r y  g ro u n d  w i t h  r a r e  l a r g e  i n d i v i d u a l s  d e s c e n d i n g  t o  t h e  
u p p e r  s l o p e  t o  a v o i d  s e a s o n a l  t e m p e r a t u r e  e x t r e m e s .
Markle (1 9 7 5 )  presented evidence that young greysole, GlytocephaluS 
cynoglosBUB utilize the continental slope off the Virginia coast as a 
nursery area. He reported on the collection of this species from 16G to 
1408 m with all trawls made between 256 and 1080  nt resulting In  its cap­
ture. Ninety percent of the 2161 greyeole utilized in Markle's (1975)  
Work were 10 to 24 cm TL. From size data and evidence that the larvae 
are long lived in the plankton (up to 6 months), he proposed that the 
continental slope serves as nursery grounds for cynoglossus which are 
spawned in northern waters, and that larval recruitment to the shelf is 
brought about by surface circulation patterns.
S y n a p h o b r a n c h u s  k a u p l  w as  c o l l e c t e d  from 316 t o  2196  m on t h e  
c o n t i n e n t a l  s l o p e  o f f  t h e  M id d le  A t l a n t i c  c o a s t  w i t h  i t s  maximum a b u n ­
d a n c e  f ro m  400 t o  1900 m. The s m a l l e s t  i n d i v i d u a l s  w e re  c o l l e c t e d  i n  
t h e  s h a l l o w e r  p o r t i o n s  o f  t h e  s p e c i e s  d e p t h  r a n g e  (300  t o  600  m) .
S e d b e r r y  a n d  M usick  ( 1 9 7 7 )  found  p e l a g i c  p r e y  ( e u p h a u s 1 I d s , s e r g e s t i d s ,
m y c t o p h i d s )  t o  make up 62% by numbers  and 85% by volume o f  t h e  d i e t .
The p o p u l a t i o n  o f  k a u p l  on t h e  c o n t i n e n t a l  s l o p e  o f f  t h e  M idd le
A t l a n t i c  s t a t e s  w as  found  t o  h a v e  i n d i v i d u a l s  t h a t  w ere  s e x u a l l y  m a t u r e
t h r o u g h o u t  t h e  y e a r .  H owever ,  Bruun (1937) found  t h a t  t h e  s i z e  d i s t r i ­
b u t i o n  o f  t h e  l a r v a e  in  t h e  N o r t h  A t l a n t i c  i n d i c a t e d  t h a t  S^ . k a u p i  spawns 
somewhat e a r l i e r  t h a n  J a n u a r y ,  t h e  month o f  c o l l e c t i o n  o f  t h e  s m a l l e s t  
l a r v a e .  These  l a r v a e  w ere  c o l l e c t e d  i n  t h e  a r e a  b e t w e e n  Cape l l a t t e r a s ,
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F l o r i d a *  P u e r t o  f t i c o  a n d  t h e  Berm udas .  H is  i n t e r p r e t a t i o n  o f  t h e  spaw n­
i n g  t i m e  i s  p r o b a b l y  c o r r e c t .  How d o e s  t h i s  r e c o n c i l e  i t s e l f  w i t h  t h e  
o b s e r v a t i o n  o f  t h e  s e x u a l l y  m a t u r e  I n d i v i d u a l s  t h r o u g h o u t  t h e  y e a r ?  
A l t h o u g h  n u m e ro u s  g r a v i d  f e m a l e s  w i t h  e g g s  g r e a t e r  t h a n  1 . 0  mm i n  d i a m e ­
t e r  w e r e  o b s e r v e d  t h r o u g h o u t  t h e  y e a r ,  n e i t h e r  f emales  w i t h  c l e a r  
t r a n s l u s c e n t  e g g s  w h ic h  n r g  i n d i c a t i v e  o f  spawning n o r  s p e n t  i n d i v i d u a l s  
w e r e  o b s e r v e d .  I s  i t  p o s s i b l e  t h a t  o v a r i e s  a t t a i n  a c e r t a i n  l e v e l  o f  
m a t u r i t y  and  t h e n  a r e  a r r e s t e d  u n t i l  some tem pora l  s p a w n i n g  cue i a  g i v e n ?  
O nly  more  d e t a i l e d  l a r v a l  d i s t r i b u t i o n a l  s t u d i e s  w i l l  g i v e  th e  a n s w e r .  
W e i g h i n g  a l l  t h e  i n f o r m a t i o n  a t  h a n d ,  1 b e l i e v e  t h a t  k a u p i  p r o b a h l y  
m i g r a t e s  t o  t h e  r e g i o n  d e l i n e a t e d  by Bruun (1937) and spawns s e a s o n a l l y  
t h e r e .
A n t l m o r a  r o s t r a t a  i s  found  f rom 1070 t n  a t  l e a s t  2933 m on t h e  
c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a  w i t h  i t s  maximum a b u n d a n c e  from 1100 t o  
2500  m. S m a l l e r  A n t l m o r a  t e n d e d  t o  b e  c a p t u r e d  in  s h a l l o w e r  d e p t h s  
{< 1500  m) a n d  m a l e s  made up a g r e a t e r  p e r c e n t a g e  o f  t h e  c a t c h  i n  t h o s e  
d e p t h s .  On t h e  b a s i s  o f  a  l a c k  o f  s e x u a l l y  m a tu r ing  i n d i v i d u a l s ,  an 
i n c o m p l e t e  l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  w i t h  an a b s e n c e  o f  s m a l l  f i s h e s  
a n d  p u b l i s h e d  C a n a d i a n  s i z e s  a n d  c a t c h e s ,  Antimora p r o b a b l y  u n d e r t a k e s  
r e p r o d u c t i v e  m i g r a t i o n s  t o  t h e  n o r t h e r n  p a r t  o f  i t s  d i s t r i b u t i o n a l  r a n g e  
i n  t h e  N o r th  A t l a n t i c .  The  e g g s  a r e  p r o b a b l y  p e l a g i c  and th e  young 
p r o b a b l y  f e e d  a n d  grow i n  s h a l l o w e r  m ore  p r o d u c t i v e  w a t e r s  b e f o r e  
d i s p e r s i n g  o v e r  t h e  M i d d l e  A t l a n t i c  c o n t i n e n t a l  s l o p e .
C o r y p h e n o i d e s  a r m a t u s * a  d eep  b e n t h l c .  r a t t a i l  t h a t  i a  found i n  d e p t h s  
g r e a t e r  t h a n  2 0 0 0  m, a l s o  shows an  i n c o m p l e t e  l e n g th  f r e q u e n c y  d i s t r i b u ­
t i o n  a n d  a l a c k  o f  s e x u a l l y  m a t u r i n g  i n d i v i d u a l s  ( R o b e r t  M i d d l e t o n ,  p e r s .  
c o m m ,) .  I t  i s  a p p a r e n t  t h a t  t h i s  s p e c i e s  does  not spawn on th e  
c o n t i n e n t a l  s l o p e  and  r i a e  o f f  t h e  M id d le  A t l a n t i c  c o a s t .  B e c a u se  o f  t h e
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p a u c i t y  o f  d i s t r i b u t i o n a l  and  l i f e  h i s t o r y  I n f o r m a t i o n  on t h i s  s p e c i e s  
i n  t h e  p u b l i s h e d  l i t e r a t u r e ,  a r e p r o d u c t i v e  a r e a  c a n n o t  e v e n  be  g u e s s e d  
a t*  However ,  t h i s  s p e c i e s  p r o b a b l y  f o l l o w s  th e  t y p i c a l  m a c r o u r i d  p a t t e r n  
o f  p e l a g i c  e g g s  a n d  l a r v a e .
Group 11
The r e s u l t s  o f  t h e  N o r f o l k  Canyon  t r a w l  s u r v e y  i n d i c a t e  t h a t  among 
t h e  b e n t h i c  f i s h e s  t h a t  a r e  h e n t h l c  3 paw ners  w i t h  d e m e r s a l  e g g s  and  have  
e i t h e r  d i r e c t  d e v e l o p m e n t  o r  a d v a n c e d  l a r v a e ,  t h e r e  a r e  b o t h  r e s i d e n t  
and m i g r a n t  s p e c i e s  p r e s e n t  on t h e  M i d d l e  A t l a n t i c  s l o p e .  The  r e s i d e n t s  
a r e  t h e  z o a r c i d s  L y c e n c h e l y s  v e r r i l l l , L*. p a x l l l u s , Lycodes  a t  l a n t  Icua  
and Lycodonus  m i r a b i l i s  a n d  th e  c o t  t  i d  C o t t u n c l u s  t h o n rp e o n l . A l l  o f  t h e  
z o a r c i d s  have  low  n u m b e r s  o f  l a r g e  e g g s  and f e e d  p r i m a r i l y  on b e n t h i c  
i n f a u n a .  T h e s e  s p e c i e s  p r o b a b l y  show  some t y p e  o f  p a r e n t a l  p r o t e c t i o n  
o f  t h e  e g g s  a s  h a s  b e e n  f o u n d  f o r  t h e  s h a l l o w  w a t e r  H a c r o z o a r c e s  
a m e r l c a n u s  ( O l s o n  a n d  M e r r im a n ,  1 9 4 6 ) .
C o t t u n c u l u s  t h o m p s o n i  I s  a  r e l a t i v e l y  r a r e  d e e p  s e a  c o t t i d  found on  
t h e  c o n t i n e n t a l  s l o p e  o f f  t h e  M id d le  A t l a n t i c  s t a t e s  i n  d e p t h s  f rom 750 
to  169S m. T h i s  s p e c i e s  was  s e x u a l l y  m a tu r e  i n  S e p te m b e r  a n d  November. 
The November f e m a l e  (S h :  285 mm) h a d  1234 e g g s ,  4 . 2  t o  4 . 7  mm i n  d iam e­
t e r .  The S e p t e m b e r  f e m a l e  (SL: 322 mm, w e i g h t  ■ 610 g) had  1140 eggs  
3 ,6  t o  4 . 6  mm t o  d i a m e t e r .  The o v a r y  made up 23% o f  t h e  f i s h ' s  w e i g h t  
and  e a c h  e g g  w e i g h e d  a b o u t  0 , 1 2  g .  The r e l a t i v e  f e c u n d i t y  was 1 , 9  e g g s / g  
body w e i g h t .  S h a l l o w  w a t e r  c o t t i d s  p r o d u c e  low num bers  o f  l a r g e  eggs  
t h a t  a r e  d e m e r s a l  and a d h e s i v e .
M a rk le  ( 1 9 7 6 )  i n  h i s  s t u d y  o f  t h e  b e n t h i c  A l e p o c e p b a l l d a e  o f  N o r f o l k  
Canyon was u n a b l e  t o  d e m o n s t r a t e  a n y  s e a s o n a l  r e p r o d u c t i v e  c y c l e  i n  any 
o f  t h e s e  s p e c i e s .  O n ly  f o u r  A l e p o c e p h a l u s  a g a a s l g l i  o u t  o f  a  t o t a l  of
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229 i n d i v i d u a l s  showed a n y  e v i d e n c e  o f  s e x u a l  m a t u r i t y .  One f e m a l e ,  642 
mm SL c a p t u r e d  I n  J a n u a r y ,  h a d  an  e s t i m a t e d  9150 e g g s  up t o  2 . 3  mm In 
l a r g e s t  d i a m e t e r .  Only  t h r e e  m a le s  (473  t o  497 mm SL) c o l l e c t e d  i n  
J a n u a r y  and J u n e  h a d  m a t u r e  t e s t i s .  The s a m p l e  s i z e  f o r  t h e  r e m a i n i n g  
s p e c i e s  o f  a l e p o c e p h a l i d s  was i n a d e q u a t e  t o  d e l i n e a t e  spaw n ing  s e a s o n s .  
M a rk le  (1976)  n o t e d ,  h o w e v e r ,  t h a t  i n  g e n e t a l  t h i s  f a m i l y  of  f i s h e s  had 
a r e d u c e d  f e c u n d i t y  and l a r g e  o v a .
Species
Alepocephalufl
agassizl!
Narcetes stomlas
Bathylaco nigricans
Maximum
S t a n d a r d  L en g th  F e c u n d i t y  Ova D ia m e te r
642 
415 
2 6 8 ;3 1 7
9150 
546 
4 5 0 ;1 0 0 0
2 . 8
4 . 0
2 . 9
An o b s e r v a t i o n  t h a t  i s  p e r t i n e n t  t o  t h i s  d i a c u s a i o n  i s  t h a t  M ark le
(1 9 7 6 )  F a i l e d  t o  f i n d  any  f i s h e s  s m a l l e r  t h a n  75 mm ST.* A le p o c e p h a l  id  
l a r v a e  a r e  b a t h y p e l a g i c , a n d  i n  t h e  N o r f o l k  Canyon a r e a  t h e  j u v e n i l e  
A. a g a s a i z l i  a p p e a r  i n  r e l a t i v e l y  d e e p  w a t e r  ( 1 4 8 8 -1 8 2 3  m), grow and  a r e  
d i s t r i b u t e d  o v e r  t h e  b a t h y m e t r i c  r a n g e  o f  t h i s  s p e c i e s  b e f o r e  i n h a b i t i n g  
a r e l a t i v e l y  n a r r o w  d e p t h  r a n g e  when a s i z e  o f  300 mm SI, I s  a t t a i n e d  
( H a r k l e ,  1 9 7 6 ) .
The p o p u l a t i o n  o f  a g a s s i z i !  on t h e  c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a  
i s  c h a r a c t e r i z e d  by a p a u c i t y  o f  s e x u a l l y  m a t u r i n g  f i s h e s  (1 .7%) and  an 
i n c o m p l e t e  l e n g t h  f r e q u e n c y  d i s t r i b u t i o n .  A l e p o c e p h a l u s  a g a s s i z l i  i s  
found  from th e  D a v i s  S t r a i t  t o  15*N ( K r e f f t ,  1973) and I s  t h e  most  
common w e s t e r n  N o r th  A t l a n t i c  a l e p n c e p h a l i d  ( M a r k l e ,  1 9 7 6 ) .  C a t c h / e f f o r t  
d a t a  f o r  l o c a l e s  o t h e r  t h a n  t h e  N o r f o l k  Canyon a r e a  a r e  u n a v a i l a b l e  f o r  
t h i s  s p e c i e s .  S a v v a t i m s k i i  ( 1 9 6 9 )  r e p o r t s  on one  t o n / h o u r  c a t c h  r a t e s  
f o r  a l e p o c e p h a l i d s  w e s t  o f  G r e e n l a n d  i n  6 4 0 - 6 5 0  m w i t h  f i s h  r a n g i n g  In
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a l z e  t o  9 0  cm TL and  a n  e v i s c e r a t e d  w e i g h t  t o  4 k g .  A l t h o u g h  he  f a i l s  
t o  I d e n t i f y  t h e  s p e c i e s  c a u g h t  i n  t h e s e  t r a w l s ,  1 fee l ,  t h a t  A, a g a s s i z l l  
h a s  a  l i f e  h i s t o r y  p a t t e r n  t h a t  i s  s i m i l a r  t o  some o t h e r  d e e p  w a t e r  
f i s h e s  f o u n d  on  t h e  c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a  I n  t h a t  t h e y  p r o b a b l y  
u n d e r t a k e  s p a w n i n g  m i g r a t i o n s  t o  m ore  n o r t h e r l y  l a t i t u d e s .
G roup  H I
E v i d e n c e  h a s  b e e n  p r e s e n t e d  t h a t  t h e  n o r m a l l y  m e s o p e l a g i c  s p e c i e s ,  
M e l a n o s t i g m a  a t l a n t i c u m  and X e n o d e r m i c h t h y s  c o p e l , d e s c e n d  from t h e  
p e l a g i c  r e a l m  t o  spaw n on  t h e  b o t t o m .  The s m a l l  num bers  o f  r e l a t i v e l y  
l a r g e  e g g s ,  i n c r e a s e d  c a t c h  r a t e s  i n  b e n t h i c  t r a w l s  w i t h  i n c r e a s e d  
s e x u a l  m a t u r i t y  a n d  i n c r e a s e d  i n c i d e n c e  o f  t r e m a t o d e  i n f e c t i o n  o f  t h e s e  
s p e c i e s  w i t h  s e x u a l  m a t u r i t y  w e r e  u s e d  a s  e v i d e n c e *
Group IV
1 h a v e  d e s i g n a t e d  t h i s  g r o u p  a s  p r o b l e m a t i c a l  b e c a u s e  t h e  l i f e  
h i s t o r y  p a t t e r n  i s  n o t  c l e a r *  H a l o s a u r o p g l s  m a c r o c h l r  may o r  may n o t  
spawn on  t h e  s l o p e  o f f  t h e  M id d l e  A t l a n t i c  s t a t e s *  The e g g s  a r e  p ro b a b ly  
p e l a g i c *  B a l o s a u r  l a r v a e  a r e  p e l a g i c  b u t  s m a l l  s p e c i m e n s  w ere  n o t  encoun­
t e r e d  i n  t h e  s t u d y  a r e a .  T h i s  s p e c i e s  m i g h t  be i n c l u d e d  i n  e i t h e r  th e  
b e n t h i c - p e l a g i c - r e s i d e n t  o r  t h e  b e n t h i c - p e l a g l c - m i g r a n t  group* D e f i n i t e  
e v i d e n c e  i s  l a c k i n g .
The s e a  s n a i l s  o f  t h e  g e n u a  Fa r a l i p a r l  s a r e  a l s o  p r o b l e m a t i c a l .  Are 
t h e  m a l e s  mouth  b r o o d e r s  a n d  i f  s o  w h e r e  do  t h e y  l i v e  i n  t h e  w a t e r  
c o lu m n ?  A n sw e rs  t o  t h e s e  q u e s t i o n s  w i l l  o n l y  be o b t a i n e d  a f t e r  a d d i ­
t i o n a l  r e s e a r c h .
B a s e d  on t h e  p r e v i o u s l y  d i s c u s s e d  c r i t e r i a  o f  w h e t h e r  a  s p e c i e s  i s  
a  r e s i d e n t  o r  a  m i g r a n t ,  t h e  f o l l o w i n g  e s t i m a t e s  o f  t h e  p e r c e n t  o f  t h e
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d e m e rsa l  f i s h  h lo io a s s  w h ic h  m i g r a t e s  f r o m  th e  e l o p e  o f f  V i r g i n i a  w e re  
o b t a i n e d  f o r  t h e  J a n u a r y  1976 c r u i s e :
P e r c e n t  o f  D e m e r s a l  
Depth  I n t e r v a l  (m) M i g r a t o r y  F i s h  B iom ass
300-499 IS .  5
500-699 5 . 6
700-899 8 . 6
900-1099 No T r a w l s
1100-1299 4 4 . 9
1300-1499 8 1 . 9
1500-1699 5 8 . 0
1700-1999 No D ata
1900-2099 76-9
2100-2299 7 6 .1
2300-2499 9 3 , 8
2500-2699 9 7 , 6
2700-2899 No Pa t  a
2900-3100 8 2 ,  5
Lophiua a m e r l c a n u s , G l y p t o c e p h a l u s  c y n o g l o s s u B  a n d  low num bers  o f  
S ynaphobranchus  k a u p i  and j i .  a f  f i n i s  a r e  t h e  m i g r a t o r y  s p e c i e s  in  s h a l l o w  
d e p t h s .  Below 1100 m t h e  b io m a s s  o f  m i g r a n t s  d r a m a t i c a l l y  i n c r e a s e s .  
A l e p o c e p h a lu s  a g a s s i z i ! , A n t im o r a  r o s t r a t q  and S_. k a u p i  a r e  t h e  p r i m a r y  
m i g r a t o r y  s p e c i e s  to  2099 m. In g r e a t e r  d e p t h s  A. r o s t r a t a  and 
d o r y p h e n o i d e s  a r m a t u s  p r e d o m i n a t e  w i t h  t h e  l a t t e r  m a k in g  up  t h e  b u l k  o f  
t h e  m i g r a t o r y  b i o m a s s  b e l o w  2700 m.
A l though  t h e  n u m e r i c a l  a b u n d a n c e  o f  d e m e r s a l  f i s h e s  shows a  d e c l i n e  
w i t h  i n c r e a s i n g  d e p t h  on  t h e  c o n t i n e n t a l  s l o p e  o f f  V i r g i n i a ,  t h e  b io m a s s
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o f  t r a w l  c a u g h t  f i s h e s  d o e s  n o t  show a s  n a r k e d  a d e c r e a s e .  The f i s h  
community  from 1400 t o  3100 m i s  made up o f  s m a l l  n u m b e rs  o f  l a r g e  
f i s h e s .  Even th o u g h  t h e  s t a n d i n g  c r o p  o f  b e n t h i c  i n f a u n a  d e c r e a s e s  w i t h  
I n c r e a s i n g  d e p t h  and  d i s t a n c e  from l a n d  (Rowe e_t aJL. , 1974;  T h i e l ,  1 9 7 5 ) ,  
t h e s e  d e p t h s  s t i l l  s u p p o r t  a s u b s t a n t i a l  b io m a s s  o f  f i s h e s .  T hese  l a r g e  
b o d i e d  f i s h e s  b e lo w  1400 m a r e  d o m in a te d  by s p e c i e s  (A. r o s t r a t e , 
k a u p i , ih a r m a t u s )  which  I have  c l a s s i f i e d  a s  m i g r a n t s .  E e d b e r r y  
and M usick  ( 1 9 7 7 )  In  a t h o r o u g h  s t u d y  o f  t h e  s to m a c h s  o f  s e v e r a l  
d e e p w a t e r  f i s h  s p e c i e s  found t h a t  many o f  t h e  l a r g e r  s p e c i e s  f e e d  
p r i m a r i l y  on p e l a g i c  I t e m s .  They p o s t u l a t e  t h a t  t h e  n e p h e l o i d  l a y e r  
p r o v i d e s  a p o o l  o f  o r g a n i c  m a t e r i a l  t h a t  i s  u s e d  a s  an  e n e r g y  s o u r c e  f o r  
n e a r  b o t t o m ,  p e l a g i c  i n v e r t e b r a t e s .  T h e s e  i n  t u r n  a r e  p r e y e d  upon by 
d e m e r s a l  f i s h  s p e c i e s  w h ich  b r o w s e  i n  t h i s  l a y e r .  T h i e l  ( 1 9 7 5 )  a r g u e d  
t h a t  l a r g e  b o d i e d  a n i m a l s  w o u ld  have  a s l o w e r  more e f f i c i e n t  m e t a b o l i s m  
th a n  s m a l l e r  a n i m a l s .  T h i s  c o m b i n a t i o n  o f  a p a s t u r e  i n  t h e  n e p h l o i d  
l a y e r  f o r  f i s h e s  c o u p l e d  w i t h  t h e  more e f f i c i e n t  m e t a b o l i s m  and  e a s e  o f  
m o b i l i t y  p r o v i d e d  by l a r g e  s i z e  a t  f i r s t  i n d i c a t i o n  seems t o  e x p l a i n  
a d e q u a t e l y  why f i s h e s  from 1400 t o  a t  l e a s t  3100 m a r e  g e n e r a l l y  l a r g e r .
A l th o u g h  t h e  e a s e  o f  m a te  l o c a t i o n  by l a r g e r  f i s h  which  a r e  c a p a b l e  
o f  more w i d e s p r e a d  movements i s  r e a d i l y  a p p a r e n t ,  1 f e e l  t h a t  t h e  i s s u e  
o f  r e p r o d u c t i o n  i s  more c om plex  th a n  i t  f i r s t  a p p e a r s .  P r e v i o u s l y ,  1 
have  a r g u e d  t h a t  some d e e p w a t e r  s p e c i e s  p r o b a b l y  m i g r a t e  from t h e  s l o p e  
o f f  V i r g i n i a  t o  o t h e r  g e o g r a p h i c  a r e a s  t o  spaw n.  E v i d e n c e  was p r o v i d e d  
f o r  A n t im ora  r o s t r a t a  and A l c p o c e p h a l u s  a g a s s 1z i l  and  t o  t h i s  l i s t  can  
be  ad d ed  C o r y p h e n o l d e s  r u p e s t r i s  which  spawns e a s t  o f  I c e l a n d  and u n d e r ­
t a k e s  f e e d i n g  m i g r a t i o n s  t o  t h e  C a n a d ia n  s l o p e  ( P o d r a h a n s k a y a , 1 9 7 1 ) .  
S i n c e  w a t e r s  i n  h i g h e r  l a t i t u d e s  a r e  more  p r o d u c t i v e ,  l a r v a l  and J u v e n i l e
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s u r v i v a l  i s  e n h a n c e d  i n  t h e s e  r e g i o n s .  I  b e l i e v e  t h a t  t h e s e  t h r e e  
s p e c i e s  h a v e  t h e i r  c e n t e r s  o f  o r i g i n s  i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  
N o r th w e s t  A t l a n t i c  w h e r e  t h e y  p r o b a h l y  spaw n .  These  s p e c i e s  h a v e  
e x t e n d e d  t h e i r  d i s t r i b u t i o n a l  r a n g e  by g o i n g  i n t o  d e e p e r  w a t e r  f u r t h e r  
s o u t h  which  have  t h e r m a l  c h a r a c t e r i s t i c s  t h a t  a r e  s i m i l a r  t o  s h o a l e r ,  
more n o r t h e r l y  w a t e r s .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e s e  s p e c i e s  a r e  g e n e r a l l y  e ncoun­
t e r e d  i n  t h e  a p h o t i c  zone  o f f  V i r g i n i a ,  y e t  they  p o s s e s s  l a r g e ,  w e l l  
d e v e l o p e d  e y e s .  A l l  f e e d  p r i m a r i l y  on p e l a g i c  i t e m s  (A l e p o c e p h a l n a  
a g a s s i z l i , M a r k le ,  1976 ;  C o r y p h e n o i d e s  r u p e a t r i s , P o d r a h a n s k a y a ,  1971;  
A n t im o ra  r o s t r a t a , S e d b e r r y  a n d  M u s ic k ,  1977) and c:, r u p e a t r i s  h a s  been  
shown t o  u n d e r t a k e  v e r t i c a l  m i g r a t i o n s  ( H a e d r i c h ,  1 9 7 4 ) .  Many o f  t h e  
p e l a g i c  i t e m s  t h a t  t h e s e  s p e c i e s  consume a r e  l u m i n e s c e n t  a n i m a l s ,  hence  
t h e  p o s s e s s i o n  o f  a  f u n c t i o n a l  ey e  i s  a d v a n t a g e o u s .
S e v e r a l  o f  t h e  m i g r a t o r y  a n d  n o n - m i g r a t o r y  s p e c i e s  t h a t  a r e  found 
on t h e  u p p e r  c o n t i n e n t a l  s l o p e  ( -  2 5 0 -1 0 0 0  m) o f f  V i r g i n i a  show a t r e n d  
f o r  an i n c r e a s e  i n  s i z e  w i t h  g r e a t e r  d e p t h s .  Among t h e s e  a r e  P h y e l s  
c h e a t e r ! , S y n a p h o b r a n c h o s  k a u p i » Nezumia b a i r d i  and C o e j o r i n c h u s  
c a r m i n a t u s . in  t h e  c a s e  o f  p i s c i v o r o u s  s p e c i e s  (P .  C h e s t e r !  and 5 ,  k au p i  
( S e d b e r r y  and M u s ic k ,  1 9 7 8 } ) ,  t h e  s i z e - d e p t h  r e l a t i o n  p r o v i d e s  a s p a t i a l  
s e g r e g a t i o n  o f  t h e  J u v e n i l e s  a n d  a d u l t s  t h e r e b y  d e c r e a s i n g  t h e  p r o b a b i l i t y  
o f  c a n n i b a l i s m .  S i n c e  b e n t h i c  l n f a u n a  d e c r e a s e s  w i t h  d e p t h  on t h e  
c o n t i n e n t a l  s l o p e  (Kowe e_t a_l. , 1 9 7 4 ) ,  J u v e n i l e s  o f  b e n t h i c  f e e d i n g  f i s h  
s p e c i e s  w h ich  show t h i s  t r e n d  t o w a r d s  s m a l l e r  f i s h  i n  s h o a l e r  w a t e r ,  
s u c h  as Ifl, b a l r d i  a n d  (], c a rm i  n a t u s , w i l l  n o t  compete  f o r  t h e  same food 
r e s o u r c e s  a s  t h e  a d u l t s  and  w i l l  a l s o  h a v e  a g r e a t e r  s t a n d i n g  c r o p  o f  
b e n t h i c  i n v e r t e b r a t e s  t o  p r e v  upon .
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J u v e n i l e s  in  any h a b i t a t  w i l l  b e  s u b j e c t  t o  p r e d a t i o n ,  h o w e v e r ,  on 
t h e  u p p e r  s l o p e  a r e a  l a r g e  p r e d a t o r y  s p e c i e s  a r e  n o t  a s  a b u n d a n t  a s  i n  
g r e a t e r  d e p t h s .  T h i s  n u r s e r y  a r e a  on t h e  s l o p e  i s  l a r g e l y  d o m i n a t e d  by  
s m a l l  f i s h e s  w i t h  b e n t h i c  f o r a g i n g  h a b i t s .  A l s o ,  t h e s e  d e p t h s  In t h e  
a x i s  o f  N o r f o l k  Canyon have a c o n s i d e r a b l e  amount o f  r e l i e f  and num e rous  
a t t a c h e d  c r t l d a r i a n s  w h ic h  may a f f o r d  p r o t e c t i o n  f o r  J u v e n i l e s .
B u l l i s  a n d  S t r u h s a k e r  (1970)  h y p o t h e s i z e  t h a t  s p e c i e s  t h a t  h a v e  a  
p o s i t i v e  s i z e - d e p t h  c o r r e l a t i o n  have a b r o a d  b a t h y m e t r i c  r a n g e  and  p r o ­
duce  p e l a g i c  e g g s  a n d / o r  l a r v a e -  They p o i n t  o u t  t h a t  t h e  y o u n g e s t  
s t a g e s  o f  t h e s e  s p e c i e s  a r e  a t  t h e  m e rc y  o f  t h e  s u r f a c e  c u r r e n t s  a n d  may 
be s w e p t  e i t h e r  i n s h o r e  o v e r  t h e  c o n t i n e n t a l  s h e l v e s  o r  o f f s h o r e  i n t o  
o c e a n i c  a r e n a .  The mechanism by w h ic h  J u v e n i l e s  r e a c h  t h e  a p p r o p r i a t e  
d e p t h  on t h e  c o n t i n e n t a l  s l o p e  has  b e e n  p o s t u l a t e d  by  B u l l i s  and 
S t r u h s a k e r  ( 1 9 7 0 )  t o  he  a s s o c i a t e d  w i t h  t h e  t e m p e r a t u r e  t o l e r a n c e s  of  
t h e s e  i n d i v i d u a l s  a t  d i f f e r e n t  l i f e  h i s t o r y  s t a g e s .  J u v e n i l e s  i n  t h e  
p e l a g i c  r e a l m  e i t h e r  d e s c e n d  t o  some d e p t h  o r  u n d e r g o  r e l a t i v e l y  s m a l l  
d a i l y  v e r t i c a l  m i g r a t i o n a  and th e  e x t e n t  o f  t h e s e  downward f o r a y s  
d epends  upon t e m p e r a t u r e  t o l e r a n c e s .  T h e i r  h y p o t h e s i s  r e q u i r e s  t h a t  t h e  
p e l a g i c  young  do n u t  d e s c e n d  d e e p e r  t h a n  t h e  c o n t i n e n t a l  s h e l v e s  o r  t h e  
u p p e r  end o f  t h e  s p e c i e s  d e m e r s a l  d e p t h  r a n g e .  A c c o r d i n g  t o  t h e i r  
s e q u e n c e ,  a l t h o u g h  many J u v e n i l e s  s u f f e r  e x p a t r i a t i o n  f rom t h e  s l o p e ,  
t h o s e  t h a t  do f i n d  b o t t o m  move to  t h e  h a b i t a t  o f  t h e i r  age  g roup  w h ic h  
t e n d s  t o  he s h a l l o w e r  t h a n  th e  a d u l t s ;  a s  t h e  J u v e n i l e s  become a c c l i m a t e d  
to  t e m p e r a t u r e  on t h e  s l o p e  and i n c r e a s e  In  s i z e ,  t h e y  d e s c e n d  t o  g r e a t e r  
d e p t h s .
As p a r t  o f  t h e i r  a rg u m e n t  on s i z e - d e p t h  r e l a t i o n s ,  B u l l i s  and 
S t r u h s a k e r  ( 1 9 7 0 )  i n d i c a t e  t h a t  s p e c i e s  t h a t  f a l l  t o  show i n c r e a s i n g  s i z e
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w i t h  g r e a t e r  d e p t h ,  u s u a l l y  a r e  more  s t e n o b a t h i c  a n d  h a v e  l a r g e  d e m e r s a l  
£gga b e a r  t h e i r  y o u n g  a l i v e  b o  t h a t  t e m p e r a t u r e  a c c l i m a t i o n  i s  n o t  a 
p r o b l e m  f o r  t h e s e  s p e c i e s  s i n c e  t h e y  d e v e l o p  i n  t h e  same d e p t h s  a s  
a d u l t s .
T h e i r  h y p o t h e s i s  c a n n o t  be d i s c o u n t e d  b e c a u s e  i t  r e q u i r e s  k n o w l e d g e  
o f  t h e  t e m p e r a t u r e  t o l e r a n c e  a n d  t h e  e f f e c t s  o f  b e h a v i o r  on  t h e  l a r v a e  
o f  t h e s e  s p e c i e s .  I t  n e e d s  t o  be  m o d i f i e d  som ew ha t  i n  l i g h t  o f  t h e  
p r e s e n t  f i n d i n g s .  Some s p e c i e s  w h i c h  p r o d u c e  l a r g e  d e m e r s a l  e g g s  show 
t h e  t r e n d  f o r  s m a l l e r  F i s h  t o  be  f o u n d  i n  t h e  s h o a l e r  p o r t i o n  o f  t h e  
s p e c i e s  d e p t h  r a n g e  ( L y c e n c h e l y s  y e r r i l l i , L .  p a x ! l i a s >. A l s o ,  t h e  
s p e c i e s  w i t h  d e m e r s a l  e g g s  a r e  n u t  s t e n o b a t h i c  , F o r  e x a m p l e ,  L y c o d e s  
a t l a n t l c u s  h a s  a d e p t h  r a n g e  o f  o v e r  1000 m. T hey  a r e ,  h o w e v e r ,  
r e l a t i v e l y  s t e n o t h e r m a l .
B e c a u s e  t h e  s t a n d i n g  c r o p  o f  b e n t h i c  f o o d  d e c r e a s e s  w i t h  d e p t h ,  Mead 
e t  a l . ( 1 9 6 4 )  i n d i c a t e  t h a t  t h e  s t a n d i n g  c r o p  o f  f i s h e s  m u s t  d e c r e a s e .  
They p o i n t  o u t  t h a t  t h i s  may be a c c o m p l i s h e d  by  r e d u c i n g  e i t h e r  t h e  s i z e  
o f  i n d i v i d u a l s  o r  t h e  p o p u l a t i o n  s i z e .  In a p r e v i o u s  p o r t i o n  o f  t h i s  
summary ,  I p o i n t  o u t  t h a t  t h i s  i s  n o t  t h e  c a s e ,  a t  l e a s t  i n  d e p t h s  t o  
3000 m. A l t h o u g h  t h e  number  o f  f i s h  a n d  t h e  d i v e r s i t y  d e c r e a s e s ,  t h e  
b i o m a s s  does  n o t  d r o p  a s  e x p e c t e d  ( M u s i c k ,  1 9 7 6 ) ,  T h i s  i s  a  r e s u l t  o f  
t h e  p r e s e n c e  o f  l a r g e  b o d i e d ,  p r e d a t o r y  f i s h e s  s u c h  a s  A n t i m o r a  a n d  
C o r y p h e n o t d e s  a  r  m a t  u s  w hose  d i e t  i n c l u d e s  many p e l a g i c  i t e m s  ( I l a e d r i c h  
a n d  H e n d e r s o n ,  1974;  S e d b e r r y  a n d  M u s i c k ,  1 9 7 8 ) ,  The d e e p s e a  b e n t h i c  
f i s h  communi ty  o f f  V i r g i n i a  I s  d o m i n a t e d  ( I n  t o t a l  number  and  b i o m a s s )  
by l a r g e  f i s h e s  w h ic h  s u p p l e m e n t  t h e  m e a g r e  b e n t h i c  f o o d  s u p p l y  w i t h  
p e l a g i c  I t e m s ,  a n d  m i g r a t e  t o  some o t h e r  g e o g r a p h i c a l  a r e a  t o  r e p r o d u c e .  
Mead e t  a l ■ (1 9 6 4 )  show t h e  p a r a l l e l s  b e t w e e n  t h e  d e e p - s e a  f i s h  c o m m u n i ty
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and t h e  s h a l l o w  w a t e r  f i s h  f a u n a .  To e x p a n d  on t h e  s i m i l a r i t i e s  b e t w e e n  
s p e c i e s  f rom  t h e  two h a b i t a t s ,  I s u b m i t  t h a t  we s h o u l d  com pare  Salmo 
S a l a r  a n d  Antl l t iora r o s t r a t a  w i t h  r e g a r d  to  t h e  e x t e n t  o f  m i g r a t i o n .  
A l th o u g h  num erous  i n v e s t i g a t o r s  h a v e  p o i n t e d  o u t  t h e  r e l a t i v e  p r e d i c a -  
b i l i t y  i n  s p e c i e s  a s s e m b l a g e s  i n  d e e p - s e a  f i s h  c o m m u n i t i e s  w i t h  t i m e ,  
t h e  s i m p l e  e n u m e r a t i o n  a n d  c l a s s i f i c a t i o n  o f  t h e s e  c o m m u n i t i e s  h a s  done  
l i t t l e  t o  show how t h e s e  s p e c i e s  make a l i v i n g .
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C h a r l e s  Anthony  Wenner
B o m  i n  P o r t  J e f f e T s o n ,  New York ,  March  2 1 ,  1943.  G r a d u a t e d  
From S t ,  B o n a v e n t u r e  U n i v e r s i t y ,  J u n e  1964 ,  B ,S .  B i o l o g y ,  S e rv e d  
two y e a r s  a s  a P e a c e  Corps  V o l u n t e e r  In E t h i o p i a ,  1 9 6 4 -1 9 6 6 .  
I n d u c t e d  i n t o  t h e  U.S.  Army and s e r v e d  h o n o r a b l y  f o r  two y e a r s ,  
1 9 6 7 -1 9 6 9 .  A f t e r  a v e r y  b r i e f  employment p e r i o d  In i n d u s t r y  
(4 m o n t h s ) ,  e n t e r e d  t h e  g r a d u a t e  p ro g ra m  i n  t h e  S c h o o l  o f  M ar ine  
S c i e n c e  o f  t h e  C o l l e g e  o f  W i l l i a m  and  Mary In  V i r g i n i a  ( V i r g i n i a  
I n s t i t u t e  o f  M a r i n e  S c i e n c e ) ,  M.A.,  M a r i n e  S c i e n c e  1972 .  At t h a t  
t i m e  t h e  a u t h o r  e n t e r e d  t h e  Ph-D.  p ro g ra m  In M a r in e  S c i e n c e  a t  
t h e  same i n s t i t u t i o n .
P r e s e n t l y  t h e  a u t h o r  i s  employed a t  t h e  S o u th  C a r o l i n a  M a r in e  
R e s o u r c e s  R e s e a r c h  I n s t i t u t e ,  C h a r l e s t o n ,  S o u th  C a r o l i n a ,  He i s  
p r e s e n t l y  w o r k i n g  on t h e  d i s t r i b u t i o n ,  l i f e  h i s t o r y  a n d  e c o l o g y  
o f  f i s h e s  o f  t h e  S o u th  A t l a n t i c  B i g h t .
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